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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE, WITH RESPECT ‘TO PARLICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED, 


2. API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MAN- 
UFACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3, INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 


PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET, 


4, NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MAN- 
UFACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT 
COVERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED 
IN THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST 
LIABILITY FOR INFRINGEMENT OF LETTERS PATENT. 

5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL. NO LONGER BE IN EFFECT FIVE YEARS 
AFTER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 
MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS {S PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY APi, 


1220 L STREET, N.W., WASHINGTON, D.C, 20005. 
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FOREWORD 


This foreword is for information and is not part of this standard. 

Chapter 14, Sectien 3, Part 4 of the Manual af Petroleum Measurement Standards 
describes the background and development of the equation for the coefficient of discharge 
of flange-tapped square-edged concentric orifice meters and recommends a flow rate caicu- 
lation procedure, The recommended procedures provide consistent computational results 
for the quantification of fluid fow under defined conditions, regardiess of the point of origin 
or destination, or the units of measure required by governmental customs or stalule. The 
proccduics allow different users with different computer languages on different computing 


hardware to arrive at almost identical results using the same standardized input data. 
a 


ic standars achsen daveloanod thranch the cooneratve efforts of m: 
This standard has been developed through the cooperative efforts of m 


under the sponsorship of the American Petroleum Institute, API, and the American Gas 
Association, A.G.A., with contributions from the Gas Processors Association, GPA, and 
others. 

API publications may be used by anyone desiring to do so. Every effort has heen made 
by the Institute to assure the accuracy and reliability of the data contained in them; how- 
ever, the Institute makes no representation, warranty, or guarantee in connection with this 
publication and hereby expressly disclaims any lability or responsibility for loss or damage 
resulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to the director of the Meas- 
urement Coordination Department, American Petroleum Institute, 1220 L Street, N.W., 
Washington, D.C. 20005. 
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@ Chapter 14—Natural Gas Fluids Measurement 


SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS 


PART 4—BACKGR Hay , DEVELOPMENT, IMPLEMENTATION 
PROCEDURES A SUBROUTINE DOCUM MENTATION 


4.1.1 INTRODUCTION 


This part of the standatd for Concentric Square-Edged Orifice Meters provides the 
background and history of the devclopment of the standard and recommends a method to 
solve the flow cquations for mass and volumetric flow. 


41.2 NOMENCLATURE 


The symbols used have, in some cases, been given a more general definition than that 
used in other parts of API 2530. Some symbols have a different meaning than that defined 
elsewhere in the standard. Care should therefore be given to the meaning of variables used 
in this document. 


Symbol Represented Quantity 


o, Linear coefficient of thermal expansion of the orifice plate material. 

@, Linear coefficient of thermal expansion of the meier tube material. 

Ratio of orifice plate bore diameter to meter tube internal diameter (d/D) 
calculated at flowing temperature, 7}. 

By, Ratio of orifice plate bure diameler to meter tube internal diameter (d/D) 
calculated at measured temperature, 7. 

B, Ratio of orifice plate bore diameter to meter tube internal diameter (d/D) 


cal 


lated at reference temperature, T,. 
Cy Orifice plate coefficient of discharge. 
CYFT) Coefficieut of dischaige ai a specified pipe Reynuids uuuber for ilunge-iapped 


orifice meter. 
Cag First flange-tapped orifice plate coefficient of discharge constani within iteration 
scheme, 


Cg, Sevond Hange-inpped orifice plaice cvelficient of discharge cousiant within 
itcration scheme. 

Third fiange-tapped orifice piate 
scheme. 


ra fourth Aangectanoed ort “ . Fehr within itera 
C,, Fourth lange-tapy ate © : E soniste in itera- 
tion scheme, 

Fifth flange-tapped orifice plate coefficient of discharge constant within iteration 
scheme, 


hice alate Costicient af discharce hounds er adsnay eehari 


Orifice plate coefficient of discharge bounds flag within iteration scheme. 
Orifice plate bore diameter calculated at flowing temperature 7}. 


Meter tube internal 


ameter calculated ai flowing iemperaiure vas 
Orifice plate bore diameter calculated at reference temperature T,. 
Meier tube internai diameter caicuiated at reference temperature 7,. 
Orifice plate bore diameter calculated at measured temperature Tr. 
Meter tube intemal diameter caiculated at measured temperature 1;,. 
Orifice plate coefficient of discharge convergence function derivative. 


aly sy a, : 


SS I A SS SS SS EE PS 
Rom) 
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wv 
a a a a a Fe a a I a Pr a OO ag 


AP  Oritice ditterential pressure. 

e WNapierian constant, 2.71828. 
E, Velocity of approach factor. 
Ei 
of 


Orifice plate coctficient of discharge convergence function. 
Tteration flow factor. 
F,, Iteration flow factor pressure—independent factor. 
F,, Iteration flow factor pressure—dependent factor. 
Fass Mass flow tactor, 
G; Ideal gas relative density (specific gravity). 
G, Real gas relative density (specific gravity). 
GCN Real relative density (specific gravity), % carbon dioxide, and % nitrogen. 
& Isentropic exponent, 
m= Mass, 
Li Absolute viscosity of flowing fiuid. 
Mi, Molar mass (molecular weight) of dry air. 
M_ Dimensionless downstream dam height. 
» Number of moles. 
Unit conyersion factor (orifice flow). 


N;, Unit conversion factor (Reynolds number) 
Ni ut conversion factor (Reynolds number), 


N; Unit conversion factor (expansion factor). 

N, Unit conversion factor (discharge coefficient), 

Ns; Unit conversion factor (absolute temperature). 
Base pressure, 

F, Static pressure of fluid at the pressure tap. 
ia Absolute static pressure at the orifice upstream differential pressure tap. 
P Absolute static pressure at the orifice downstream differential pressure tap. 
Py Measured air pressure. 

‘Measured gas pressure. 

w# Pi, 3.14159... . 
4_, Mass flow rate. 
Q, Volume flow rate per hour at base conditions. 
gy Vofume flow rate flowing (actual) conditions. 
R_ Universal gas constant. 

Rep Pipe Reynolds number, 

?, Density of the fluid at base conditions, (B, ,.T). 

Pr, Ait density at base conditions, (A, , 7). 
ps Gas density at base conditions, (F, ,T,). 

, Density at standard conditions, (P.,Z). 
Pry Density at flowing conditions, (2,7). 
T, Base temperature. 

7, Measured oritice plate bore diameter temperature. 
Measured meter tube internal diameter temperature, 
TZ, Measured temperature of air. 

Measured temperature of gas. 


TZ Flowing temperature, 
T. 


internal diameter. 
Downstream AEi} corres 


T, Downstream tap corre: 


T, Small meter tube correction factor 
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7, Upstream tap correction tactot. 

X Reduced reciprocal Reynoids number (4,000/Kep). 

X, Value of X where change in orifice plate coefficient of discharge correlation 
Occurs. 

Y Expansion factor. 

ry Expansion factor pressure constant. 

2, Compressibility (base conditions), 

2; Compressibility at flowing conditions (PG). 

Air compressibility at air measurement conditions. 

Gas compressibility at gas measurement conditions. 


4.2 History and Development 
4.2.1 BACKGROUND 


In May 1924, the Board of Directors of the Natural Gas Association (this later became 
the Natural Gas Department of the Americun Gas Association!) directed its Main Technical 
and Research Committee to establish a new subcommittee to be known as the Gas Meas- 
urement Committee, The duties of this new committee were outlined by the directors as; 

+ Determine the correct methods of installing orifice meters for measuring natural gas. 

+ Determine the necessary corrective factors and operative requirements in the use of 
orifice meters, using natural gas in all experimental work. 

* Secure the cooperation and assistance of the National Bureau of Standards” and the 
United States Burean of Mines®, and secure, if possible, the assignment of members 
of their statis to the Gas Measurement Committee to assist in this work. 

The Gas Measurement Committee beld its first meeting in November 1924 and discussed 
various features of the work assigned to it, Beginning in the summer of 1925, and extending 
over a period of six years, this committee conducted several research projects on orifice 
metcrs. 

The Gas Measurement Committee published a preliminary report in 1927, which was 


vauicad in end Resodt No ft wast 
revised in 1929, and Report No. 1 was 


the following statement was made: 


ed in 1936, in the introduction ta Report No. 1, 


“This is not a final report, but it is made with the understanding thal the committee will con- 
tinue its analytical studies of the data already developed, The committee also fully expecis 
that it will be necessary for itto conduct furthet work cf its own. This will make necessary 
‘one or more supplemental reports, in which the data will be summarized and the mathcrmat- 
ical principles announced, which are the basis foz the present repo-t, and such modifications 
and extensions will be made as additional data and further 


In September £931, this committee joined with the Special Research Comunittee of Fluid 


laters of the American Society of Mechanical F 
Meters of the American Society of Mcchanical Engir 


ers” in the formation of a Joint Com- 
mittee on Orifice Meters so that future publications on orifice meters by these two parent 


fees might be in harmony. This joint cormmittee found that a few additional research 


projects on orifice meters, especially for the determination of the absolute values of orifice 
coefficients, were needed, Thereafter, the committee formally requested representatives of 
the National Bureau of Standards to review the data obtained in these later research projects 
and report their findings to the committee. 

Gas Measurement Committee Report No.2 was published on May 6, 1935 and: was 
intended to supplement Report No, 1. Within certain limits explained in that report, any 
orifice meter installed in accordance with the recommendations in Report No. 1 would 


‘American Gas Association, 1515 Wilson Boulevard, Arlington, Virginia 22209, 

National Burean of Standards (is now the National Institute of Standards and Technology). NIST publications 
aue available from the U.8. Government Printing Office, Washington, D.C, 20402. 

“United States Bureau of Mines. Burean of Mines publicetions are available from the U.S. Government Printing 
Office, Washington, D,C, 20402. 

‘American Society of Mechanical Engineers, 348 Busi 47th Street, New 
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fulfill all the requirements stated in Report No. 2. ‘Ihe use of factors given in Report No. 2 
made possible the use of orifice meiers over a much wider range of conditions than had 
been possible before. 

The maierial in Report No. 2 was based on a special engineering repori made by the Joint 
American Gas Association/American Society of Mechanical Engineers Committee on 
nent Cor 


Orifice Coefficients to the Gas Mea 
ed to and accepted by the Main ‘lechnical and Research Committee in January 1935. The 


nt committee was made by Dr Edear 
int committee was made by Dr Edgar 


‘aaa tea Qetaherc] O34 and wae arecant. 
itee in October 1934 and was present- 


of the data presented in the revort of tha! 
of the data proscnicd in the report of thal 


Buckingham and Mr, Howard S. Bean of the National Bureau of Standards and checked by 
of the 


Of the-t6: 


Professor Samuel! R. Beitler for the com 


original form passed through the editorial committee of the bureau and was approved fee 
publication by the di of the bureau 

ince publication of Report No. 2, new types of equipment have been made available for 
use in the construction of orifice meter stations. Further, the need developed for larger meter 
tube diameters and heavier wall pipe to measure the larger volumes of gas at higher meter- 
ing pressures. Tt was recognized by the industry that Report No. 2 should be brought up to 
date. Thus, early in 1953, the PAR Plan’s Pipeline Research Committee appointed the 
Supervising, Committee for PAR Project NX-7, for the purpose of developing Gas Meas- 
urement Committee Report No, 3. To maintain cooperation between the American Society 
of Mechanical Engineers and the American Gas Association in the development of puabli- 
cations on orifice meters, the members of the supervising committee had dual membership 
on the American Society of Mechanical Engineers Research Committee on Fluid Meters, 
Subcommittee No, 15, as well as the NX-7 Committee. 

Report No. 3 supplemented Report No. 2. Generally, all of the data in this report were 
the same as included in Report No. 2, except that it was expanded to cover a wider range 
of conditions. In many instances, slight changes were made and statements added to clarify 
some of (he conditions brought about from practical application of Reports No, 1 and 2, In 
Report No. 3, a pressure base of 14.73 pounds per square inch absolute was adopted to 
replace the former pressure base of 14.4 pounds per square inch absolute. The results are 
consistent with those obtained from Report No. 2. 

Since the publication of Report No. 3 in 1955, there have been refinements and new 
developments in the measurement of natural gas. The 1969 revision updated the report and 
provided additionai information which had been developed since the original publicution, 
The basic concepls ay peas No. 3 were gt changed. he us use of nf large Pipe cians nd 


appreciable changes. The ity 
appreciable changes. The compressibility | 


During 1975, the Am 


adopted Report No. 3 and approved it as API Standard 2530, and for publication as Chapter 


Mea 


T43-of the American Petrolenm Inctine’s Manual of Perm 
Subsequently, Report No. 3 was submitted by the American Petroleum Institute to the 
American National Standards Institute> for endorsement as an American National Stan- 
dard. The American National Standards Institute approved Report No. 3 as an American 
National Standard on June 28, 1977, identified as ANSI/API 2530, 

Puring 1982-1983, API’s Committee on Petroleum Measurement worked in cooperation 
with the American Gas Association and the Gas Processors Association® to revise the 
standard. API adopted the revised standard by ballot of its Committe on Petroleum Meas- 
urement on November 23, 1983. The 1983 revision updated the standard and altered the 
format to improve its clarity and ease of application. Several forms of the flow equations 


ent Standards, 


5 American National Standards Institute, 1430 Broadway, New York, New York 10018. 
Gas Processors Association, 6526 East 60th Strect, Tulsa, Oklahoma 74145, 
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were provided. ‘Ihe calculated How rate results were equivalent tor any of the forms 
presented aiid were also equivalent to those obisined with the first edition. 

The empirical equation of state for natural gas, or compressibility factors was also 
updated in the L383 i 1. Gas coupressibility work was coupicicd. uo all expanded list 
of gas compositions and for pressures up to 20,000 pounds per square inch. These expeui- 


isc, and funds supplied by the 


National Bureau of Standards, the University of Oilahonia, Texas A & M University, the 


Compressed Gas Ass 7, the Gas Research f 


ments were supporied with fi ics, tochnclogy, exp 


an Gace Acesrigtion: 


and others. The resultant empirical equation of state rae atu: ‘al gas was adopted as A.G.A. 
Transmission Measurement Report No ai 
standard were undertaken at that time. The American National Standards Institute approved 
the 1983 revision as an American National Standard on May 16, 1985. 

The empirical coefficient of discharge equation for flange-tapped orifice meters has been 
updated in the present revision. Extensive test work on orifice meters using oil, water, air, 
and natural gas as test fluids was conducted by an international set of laboratories. Two sets 
of meter fubes in nominal 2, 3, 4, 6, and 10 inch sizes with two sets of eight orifice plates 
in nominal beta (f) ratios from 0.05 to 0.75 were tested. The U.S. experiments were sup- 
ported with facilities, technology, expertise, and funds supplied by the National Bureau of 
Standards, the American Petroleum Institute, the Gas Processors Association, the Gas 
Research Institute, the American Gas Association, and others. The new coefficient of 
discharge equation is based on the most extensive, high quality datu ever collected. 

The approach length, piping configuration, and flow conditioning recommendations are. 
unchanged from the 1983 revision. A restatement of uncertainty will result from the current 
installation research and will offer a basis for future changes in this standard. 


| the Amari 


4.2.2 HISTORICAL DATA BASE 


4.2.2.1 OSU Data Base 


The largest single collection of industry-sponsored experiments to determine orifice 


discharge cocffici is was conducted from 1932 to 1933 under the direction of Professor 
S.R. Beitler at Ohio State Univer: sity (OSU). These experiments used water in seven pipe 


re tanging from 25 to 250 mi 


ere tencing front Sito 350 mi 
referred to as the ( OSU data base. 


ice plates wi wide range of! fiameters were studied in each of the nine si 
plates with a wide range of diameters were studied ia cach of the pipe si 


imeters (1 to 14 inch). The test results are commonly 


While little is known of the detail of the pipework condition or of the plates theraselves, the 
tests were um ge-lapn 
published prior to 1990 (A. G.A. Report No. 3, ANSI/API 2530, and ISO 5167) were ba 

on this sixty year old OSU data base. 

The tesults from these experiments were used by Dr Edgar Buckingham and 
Mx, Howard Bean of NBS to develop a mathematical equation to calculate the flow cocffi- 
cient for orifice meters. They derived the equation by cross-plotting the data on large sheets 
of graph paper to obtain the best curve fit. The quality of the work done by Beitler, Buck- 
ingham, and Bean is obvious frora the fact that theix zesulis were used for almost 60 years, 


4.2.2.2 Data Reevaluation 


Tn the late 1960s and early L! 1970s, attempts were made to mathematically rationalize the 


matically rationalize the 
variety of discharge coefficient data then available, Equations using a power series form 
evolved. These provided excellent fits to specific d d for 


bases, but could not be 


7Compressed Gas Association, 1725 Jefferson Davis Highway, Arlington, Virginia 22202. 
“Gas Research Institute, 8600 West Bryn Mawr Avenue, Chicago, tHlinois 60631. 
*§nternational Oxganization for Standardization. ISO publications are available from ANSI. 
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extrapolations. ‘Lncsc attempts cid not replace the Buckingham equation tor tlange-tapped 
viifice meiers. 
In the early 1970s, a joint committee of the Am 


ican Gas Association, the American 
i for Standard 


formed to address perceived problems associated with the OSU data base. Wayne Fling of 


the USA and Jean Stolz of France + scied t aluate the OSU data base. 
USA and Joan Stolz of Pranee lected to evaluate the OSU date base, 


In their evaluation, Stolz and Fling discovered a number of physical reasons to question 
s of the OSU Data Set. Sever 


ions and plates were 


and plaice were, 


that did not meet ie hte of ANSI/API 2530 and iso 5167. The Fling/Stolz ay 


some of the data poin 


Unfortunately, it is not known which points were selected by Buckingham/Bean to generate 
the discharge coefficient equation. The 303 defensible data points were from 4 meter tubes 
covering a B ratio range of 0.2 to 0.75 and a pipe Reynolds number range of 16,000 to 
1,600,000, This data was developed using water. 


Tn the late 1970s, recognizing from the Fling/Stolz analysis the availability of only a 
small amount of definitive data, API and GPA initiated a multimillion dollar project to 
develop a new archival discharge coefficient data base for concentric, square-edged, flange- 
tapped, orifice meters. At about the same time, a similar experimental program was initiated 
by the Commission of Furopean Communities '0 (CRC). The goal of both research efforts 
was to develop a high quality archival data base of orifice meter discharge coefficients 
covering the broadest possible range of pipe Reynolds numbers, The data base was gener- 
ated over a ten year period at eleven laboratories using oi], water, ait, and natural gases as 
test fluids. 

The experiments were randomized to eliminate experimental bias within a laboratory. 
Randomization assured valid estimates of the experimental error and allowed the applica- 
iion of siatistical iesis of significance, confidence levels, and time-dependent analyses, 


Sint fanid ty ekeee ste : 7 ot 
Sion aiid i assess bles which could affect the final results. By using 


different laboratories, the possibility of systematic bias originating from any one laboratory 
could he i, 


estigated, and corrected. 


The ph riate pattern was dosigned to vary in a controlled fashion the cortelahing 
2 system, All o: 
ig system. 

plates were quantified with respect to concentricity, flatness, hore diameter, surface Hugh: 
ness, edge sharpness, and other characteristics. The edge sharpness was quantified hy lead 
foil, casting, beam of light, and fingernail methods. The meter tubes were quantified with 
respect to circularity, diameter, steps/gaps, pipe wall roughness, and so forth. The wail 
roughness was quantified by the profilometer and the artifact methods. 

The experimental design recognized the importance of the data taken on cach of the four 
basis fluids. The water data were viewed as the most important of the research effort. The 
water experiments occupied the intermediate Reynolds number range. It was decided not 
to test all tube/plate combinations in all four fluids. The API/GPA cxpeziments were 
restricied to flange-tapped orifice meters, using oil, water, and natural gas as the test Auids, 

The CEC experiments covered orifice meters equipped with corner, radius (D-D/2), and 
flange tappings. Test fluids included water, dry air, and natural gas. 

The combined data base which resulted is based on a combination of 12 meter tubes 
covering five nominal pipe diameters. It contains data from 106 orifice plates covering 
cight ratios for both liquids and gases. The data base was collected from eleven different 
laboratories over a pipe Reynolds number range of 100 to 35,000,000. 


and Reynolds number for a giv: 
Bt 


and Reynolds number for a. 


"Commission of European Communities, rue de la Loi, B-1049, Brussels, Belgium. 
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Full descriptions of the research projects may be found in the documents reterenced in 


the appendix to Part i 
the appendix to Part i. 


The APIGPA discharge coeffficient research was restricted to flange-tapped oritice 
meters. Only those experiments conducted using oil and water were used in the final regres- 
sion data base. For several technical reasons, the originators of the high Reynolds number 
experiments at Joliet considered the natural gas experiments to be comparison quality, 
rather than regression quality. 

Since the results of the project were to be applied in commerce, the experimental pattern 
included to sets of five nominal pipe diamciera (2, 3, 4, 6, and 10 inches). A thrco-section 
meter iube design was selected to facilitate inspection of internal surface conditions and for 
future experiments on installation conditions. Tube roughness values were representative 
of commercial installations. 

Two sets of orifice plates having nominal f ratios (0. 050, 0.100, 0. 200, a 375, 0. 500, 
O.575, 0.660, 0.750) were selected to produce a statisti 
could be used to develop an equation for the discharge coefficient. Biases were Apu 


edge sharpness had deteriorated beyond acceptable 


levels. The nominal f ratios and nominal tube diameters for the experimental patterns were: 


£ Nomina! Tubs Diameter 


nN 
w 
ay 
y 
3 


0.050 xX XK 

0.100 x xX Xx xX xX 
0,200 Xx XK XX KX X 
0.375 KX KX X X X 
0.300 Xx KX xX XK X 
0.575 xX xX xX X X 
0,660 X X X XK XK 
0.750 Xx X xX XK X 


le at each laboratory, Sorenkle flow conditian- 
¢ at cach laboratory, Sprenkle flow condition: 


ers were constructed by the NBS mechanical shop in accordance with the original ce 
cations of the Bailey Meter Company. These Spi co 
from laboratory induced piping configurations. Additionally, velocity profile tests were 
performed to confirm the presence of uniform, fully-developed, switl-free flow profiles. 

Flow rates were selected for each pipe size and plate combination to produce Reynolds 
numbers spread equally over the relevant range of the laboratorics’ capabilities. The result- 
ing test matrix sought to correct any possible bias in the existing OSU data base and 
minimize or eliminate all sources of bias in the new experimental data. 


4.2.3.1.1 Low Reynolds Number Experiments 


The low Reynolds number experiments were conducted at the Colorado Engineering 


n Incorporated (CREST) Flow Laboratory located in Nu 


The viscous fluid selected was a white mineral oil with a nominal viscosity of | 8 centipoise. 


The mass flow rate for the oil experiments was calculated usi 


turbine meter, small volume prover, and empirical density ‘awrangemeat The density and 
viscosity of the white mineral oil was c} 
and viscosity. 
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4.2.3.1.2. Intermediate Reynolds Number Experiments 


‘The intermediate Reynolds number experiments were conducted at the National Institute 
of Science and Technology (NIST) Flow Laboratory located in Gaithersburg, Maryland. 
The test fluid was potabic water with a nominal viscosity of | centipoise. 

The mass flow rate was calculated using the traditional weigh tank and empirical density 
method, Water density as a function of temperature was predicted using George S, Kell’s 
water density cquation, combined with a zero offset attributable to dissolved minerals in 
the sump water. 


4.2.3.1.3 High Reynolds Number Verification Experiments 
The high Reynolds number experiments were conducted at Natural Gas Pipeline of 
America's (NGPLA) Natural Gas Facility located at Joliet, Minois. Two natural gases were 
utilized, Gulf Coast and Amarillo, both having a nominal viscosity of 0.01 centipuise. 
The mass fiow rate was determined using sonic flow nozzles and an empirical PVT 


arrangement. The density and viscosities of the natural gases were continuously character- 
ized by an on-line gas chromatograph which reported the composition in mole percent. 


4.2.3.2 CEC Discharge Coefficient Research 


The cEc Discharge clon ob te read tus tuhe sizes (100 milli- 
Be ‘ge Cocfficicnt Rescarch cxj ents used two tube sizes (100 milly 
meters and 250 malin) over a Srange of 0.2 to 0.75 at eight laboratories. 
To e form velocity profile af each laboratery, long upstream lengths of straight 


pipe (greater than 80D) and flow conditioners were used to assure isolation from laboratory 


induced piping configurations. Again ity profile tests were performed to confirm the 


induced piping Con fsurat ain, 
presence of uniform, fully- developed. swirl-free flow profiles. 

Flow tates were selected for each pipe size and plate combination to produce Reynolds 
numbers spread equally over the relevant range of the laboratories’ capabilities. As in the 
API/GPA experiments, the resulting test matrix was designed to correct any possible bias 
in the existing OSU data base and to minimize or eliminate all sources of bias in the new 
experimental data. 

The combined data base includes data from eleven different laboratories, for four basic 
fluid types with different sources, on Lwelve different meter tubes of differing origins, and 
over one-hundred orifice plates of differing origins. 


4.2.3.3 Laboratory Bias 


Before proceeding with equation regression, the researchers analyzed laboratory bias 
within the individual data S as well as the combined API/GPA and CEC data bases. 
te Id be evident if the discharge coefficient curve for a given 8 ratio 
exhibited offsets between fluid data or between laboratories. 
ability chain and method of determining mass flow, instrumentation calibration, 
and operating procedures were unique for cach laboratory, Pipe sizes and f ratios common 
to both the API/GPA and CEC data bases were used to test the assumption that laboratory 
bias within the regression data set has been randomized. 

Analysis of the API/GPA data base exhibited no laboratory bias between the low and. 
intermediate Reynolds number laboratories. A statistical analysis by the API/GPA technical 
experts confirmed the lack of bias. Graphical analysis of the CEC data base indicated that 
the laboratory biases were randomized. 

Comparison of the APIYGPA and CEC data graphically confirmed the assumption of 
randomized laboratory bias between data bases. Additionally, a statistical comparison 
using any of the candidate equations confirmed the extremely compatible level between 
data bases. 
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4.2.3.4 Regression Data Set 


A meeting of interested international orifice metering experts in November, 1988, 
mutually agreed that the Regression Data Set be defined as follows: 


“The Regression Data Set shall consist of those data points contained in the API/GPA and 
CEC discharge coefficient experiments which were performed on orifice plates whose 
diameter was greater than 11.4 millimeters (0.45 inches} and if the pipe Reynolds numter 
‘was equal fo or greater than 4,000 (turbulent flow regime),” 


Tests which contained uncontrolied independent variabies and operator errors were 
excluded from the data base. Points were discarded only if a physical cause could be iden- 


tified and both the laboratory and APIGPA or CEC experis concurred on the evidence. 


Questionable points which were considered fo he statistical outliers were not discarded 


from the data base. 


This does not mean that other data were of inferior quality. Insufficient information 
existed for other data sets to detcrmine if the independent variables were controlled and 
quantified. Examples of comparison quality data include the OSU 303 points, the 1983 


NBS Bonlder Exper 


The Regression Data Set defined above consists of data generated on orifice meters 


date ysints 
data points 


nd the Iananese Water data base. 
Japanese Water data base. 


D-D/2 2,160 
Total Points 10,192 


Tables 4-1 through 4-3 show the range of data used to generate the RG correlation. 


Table 4-1—Regression Database Point Distribution 
for Flange Taps 


Tube Size 

2 3 4 6 {0 Summary 
Beta inches inches inches _inches __ inches by Beta 
Gid0 a a 6 29 p 108 
0,200 60 Pzi 271 & ast 728 
0.375 104 106 287 122 202 821 
0.500 113 69 164 109 164 619 
0.575 90 72 435 126 390 1123 
0.660 196 64 289 $2 303 O44 
0.750 212 LoL 458 130 490 1391 
Summary 
by Tube = (775 469 1904 701 1885 5734 

Rey 
goo 10" we we 0? 

Pane teenie” © ane Ace 18) > Summary, 
Pipe 10000 iv 108 is id by Pipe 
2.000 112 4i4 249 0 o 775 
3.000 22 209 238 i) a 469 
4.000 95 622 1004 183 a 1904 
6,000 68 275 328 30 U7 701 
10.000 4i 300 927 48? 150 1885 
Summary 
hy Rep Bak 1820 2746 680 150 3734 
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4.2.3.5 Interpretation of Research Data 


For high values of B, the data follows a pattern similar to the Moody Friction Factor 
Diagram. This similarity is greatest at a B of 0.750 and continuously diminishes and 
becomes imperceptible at a B ratio of 0.500. 

For low £ ratios, the data is erratic. Closer examination indicated that the ability to 
reproduce an orifice plate with a sharp edge decreases with decreasing plate bore diameicr. 
Based upon lead foil and video imaging analyses, a reasonable low limit for commercial 
plates was thought to be 11,4 millimeters (0.45 inches). 

Data associated with the 50 millimeter and 75 millimeter (2 inch and 3 inch) tubes 
exhibit an anomaly. Further analysis indicated that this anomaly may be caused by the 
dimeusivuless lap hole size aud dimensional Location far flange taps. 

The experiments confirmed the uncertainty guidelines used by the petroleum, chemical, 
and natural gas industries. Improvement in accuracy below this level under normal oper- 
ating conditions is unrealistic without in situ calibration of the device and secondary 
instrumentation, 


4.24 BASIS FOR EQUATION 


The underlying principle for present day theoretical and experimental fluid mechanics 
is dynamic similarity. This principle states that two geometrically similar meters, with 
identical dimensionless flow parameters will display geometrically similar streamlines 
regardless of differences in density, viscosity, flow rate, and sa forth, hetween the two 
fluids, 

Dynamic similarity implies a correspondence of fluid forces between the two metering 
systems. Withia the application limitations of this standard, the inertial and viscous forces 
are those considered to be significant for the orifice meter. As a result, the Reynolds num- 
ber, which measures the ratio of the inertial to viscous forces, is the term which correlates 
dynamic similarity in all empirical coefficient of discharge and flow coefficient equations. 


Table 4-2—Regression Database Point Distribution 
for Corner Taps 


1d Summary 
Beta inches __ by Beta 
0,100 
0.200 0 0 192 0 192 374 
0375 0 0 B 0 96 174 
0.500 0 CY) B 0 89 162 
0575 0 0 300 0 295 575 
0.669 0 ° 183 0 199 382 
0.750 0 0 270 Oo 361 631 
Summary 
byTube =O. a F096 0 1202 2298 
Rep 
4000 10" 10° 1’ 10? 
io to, in, io to Summary 
Pipe 19000 10 10 10’ 08 by Pipe 
2.00 
3,000 
4.000 27 278 629 162 0 1096 
6.000 
10.000 12 166 519 371134 1202 
Summary 2 
by Rep 39 44401148 333134 2298 
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lable 4-3-—Hegtession Database Point Distribution 


for D-D/2 (Radius) Taps 


Tubs Size 

2 3 4 6 10 Summary 

Beta inches inches inches inches inches _by Beta 
0 0 169 0 186 355 
ag 0 Q 56 o 37 147 
0.500 0 0 48 0 90 138 
0.575 0 0 26 0 274 350 
0.660 0 3 158 0 198 356 
0.750 0 0 243 0 371 614 
Summary 
by Tube 0 0 odd 0 1216 2160 
Rey 
4000 108 10° 108 10” 

i tO to to 12 Summery 
Pipe 10000 10° 10° 107 10° by Pipe 
2.000 
3.000 
4.c00 24 229 529 162 0 944 
6.000 
10.000 12 167 534 367136 1216 
by Rep 36 396 1063 529 136 2160 


Provided the physics of the fluid does not change, the Reynolds number correlation 
provides a rational basis for extrapolation of the empirical equation. 

The originators of the API/GPA and CEC experiments considered fully developed veloc- 
ity profiles as the foundation for the experiments. This decision was discussed extensively, 
as were the definition and determination of fully developed flow. Fully developed flow 
conditions were assured by the use of straight lencths of meter tubc both uwostre: 


con: were assured by the use of straight lengths of motor tube both upsivcam and 


downstream from the orifice and by the use of flow straighteners. 


an of fully developed velocity profiles is based layely on ihe 
accumulated results of experimental obscrvations of time-averaged yelocity profile and, 


particularly, of the pressure eradient for friction factor. TE 


7 1 actabliohad that tosh ss 
particularly, of the pressure gradient {or friction factor). It is 


ell established that both the 


velocity profile and the pressure gradient are sensitive to the condition of the pipe wall, 


Previous discharge coefficient equation forms (Buckingham, Murdock, Dowdell, and 
others) were empirically derived expressions with minimal mathematical correlation to 
fluid dynamic phenomena, In {978, Jean Stolz derived an empirical orifice equation based. 
on the physics of an orifice meter. Stuly. postulated (hat discharge coefficients obtained with 
different sets of near field pressure tappings must be related to one another based on the 
physics, The expression has been termed the Stolz linkage form. The coefficient of 
discharge (C,) equation for the concentric, square-edged orifice plate developed by 
M. J. Reader-Harris and J. EK. Gallagher, the RG equation, evolved from the work of Stolz. 

The RG equation contains a coefficient of discharge at Reynolds number for corner taps, 
CACT), aslope term consisting of a throat Reynolds Number term and velocity profile term, 
the near field tap terms, and a “tap” size term for meter tubes less than 2.8 inches. A bricf 


description of the physical understanding for the equation is presented in 4.2.4.2 and 
4243, 
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4.2.4.2 Tap Terms 


The near field tap terms were derived first since it was necessary to determine them 
before regression of the slope and G(CT) terms. The best-fit terms were derived statistical- 
ly using the Regression data base and the Gasunie 600 millimeter flange tapping term data. 
The total tapping term data set consisted of 11,346 points, nominal diameter ratios (2) from 
0.10 to 0.75, nominal pipe diameters from 50 to 600 millimeters, and pipe Reynolds 
numbers which ranged from approximately 200 to 50,000,000. 

Stolz’s postulate states that the near field tapping terms are cqual to the difference 
between the discharge coefficient for the corner taps and the flange Cor radius taps). The 
values of the terms were determined from the CEC data which inciuded aii three seis of 
tappings. However, the form of the tapping terms was based on data collected by several 
researchers, Because ihe daia aplied to only one pai 
tapping terms in the API/GPA data could only be calculated for comparison. 

The upstream term: has a form which is essentially identical to that of ISO 5167, The 
downstream form is based on a suggestion by R, G. Teyssandier and Z. D, Husain. Also, 
it was agreed that the upstrcam and downstream tap terms should have a c: 


derivative. 
No effect of Rew 


Nosifectcf Rey 
However, data in the low Reynolds number range in the APU/GPA experiments show the 
effect of Reynolds number on the tap term. The effect of low Reynolds number on the 


upstream and downstream wall pressure gradient has been reported by Witte, Schroeder, 
ansen, Perfect low Reynolds number tapping terms cannot be produced dus to lack 
of data. However, it is important to produce the best ones possible. 


4.2.4.3 C,(CT) Term 


The infinite discharge coefficient for corner taps, C(CT), increases with Pratio iv a max- 
imum near B of 0.55 and then decreases rapidly with increasing B. The form of the equation, 


without taking inio account the tap hole diameter term, is: 


ihe tit eg ee OGnEnie oP Oca 
The constant exponents of 2 am 
keeping the exponents reasonable, 


"The $0 millimeter flange tap data differed significantly from the radius tap terms by as 
The 50 millimeter flange tap data differed significantly from the radius tap terms by as 


auch as 0.4 percent for small values of §. Gallagher and Teyssandier postulated that this 
term was added to account 
Fe the tap hole diameter effect for 50 millimetce tabes, It is debatable whether this term 
should be in the tap term or C,(CT) term, A proposal by Reader-Hamis to add a tap hole 
diameter term to the C,(CT) term was accepted and has been implemented. 


4.2.4.4 Slope Term 


Intuitively, for smaii f ratios, the C, should depend only on ihrvai Reynolds Number 
(Re,). However, for large f ratios the velocity profile or friction factor is the correlating 


Several scientists have attempted to correlate C, as a function of friction factor. While 


t, the practical application would be unpopular. Also, the ability to 


measure friction factor is impractical in the field and difficult in the laboratory. 
bulent flow 


The:slope tema form should clio provide-a) transition from laminar to 


because the velocity profile changes rapidly in the transitional flow regime. The data indi- 
cated that the slope for pipe Reynolds number ( Re,) oreater than 3,500 was very different. 


ated that the -elone:for pine Reynolds number. ke) greater than, 3, 00M) ery 


from the slope for pipe Reynolds number (Rep) less than 3,500. 
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The final slope term form is as follows: 


10a 
slope= [ soe ] + (Sy £5, % A) BFC 


L Re | 


The “C” tet for Rep < 3,506 ts different from Rep > 3,500 iv curreci fur ihe velocity 
profile changes from laminar to turbulent flow regime. 


4.2.5 READER-HARRIS/GALLAGHER EQUATION 


The equation for the coefficient of discharge (C,) for concentric square-edged orifice 
plates developed by Reader-Iacris/Gallagher (RG) is structured inty distinct liukaye tens 
and is considered to best represent the current regression data base. The RG equation, as 
ballotted within API in 1989, is valid for the three tappings represented by the regression 
database and is acceptable for low flow conditions if a higher uncertainty is acceptable. The 
balloted equation is given below. 


Gy = C4+5,X, + 8,X 
C; = CCT) + Tap Term 
G(CT) = 0.5961 +0.02918"—0.22908"+ 0.003 (1- 8) M, 
Tap Term = Upstrm + Dnsirm 


850, 
e 


Upsirm = [ 0.0433 +0.0712 -o.1145e°™ | (4-0.234)B8 


Dnsirm = -0.0116) M, - 052Mi3 a (1-0.14A) 


Also, 
pt 
B es 
1-Bi 
M, = max ( 2.8 P 40 | 
COM 
2Ly 
M, T=B 
r 19, 0008 1°" 
A = | 12,0008 
Rep 
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Hor Key less than 3,5UU, 


6 
C = 30,0- 6,500 tO 
Rep 
bee Dal 
Where; 
f = Diameter ratio. 
= diD. 
C, = Coefficient of discharge at a specified pipe Reynolds number. 
C; = Coefficient of discharge at infinite pipe Reynolds number. 
C(CT) = Coefficient of discharge at infinite pipe Reynolds number for corner-tapped 
orifice meter. 
d= Orifice plate bore diameter calculated at 7p. 
D = Meter tube internal diameter calculated at 7}. 
e@ = Napetian constant, 2.71828. 
“L, = O for corner taps. 


i,/D for fiange taps, 

= | for D-D/2 (radius) taps. 

6 for comer iaps. 

N,/D for flange taps, 

0 dT foe DTD (oad) tare 

= 6.47 for D-D/2 (cadius) taps. 

when D is in inches; 25.4 when D is in millimeters. 


Re. = 
Rep 


By restricting the RG equation to flange-tapped orifice meters with pipe Reynolds 
numbers greater than or equal to 4,000, the RG equation becomes: 


Cy = C+ 5X, 4 SX 
C; = CCT) + Tap Term 
C(CT) = 0.5961 + 0.02916 - 0.22908" + 0.003 (1— B) M, 


Tap Term = Upstrm + Dastrm 


Upstrm = | 0.04334 0.07126" - 0.11450" ] (1 - 0.234) B 


Dnstrm = -0.0116| M, ~ 052M} [pha -0.14A) 


Also, 
4 
ee 
1-4 
M, = max 28-2, 0,0) 
Ny 
2Ly 
M,= TR 
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4a | 20008 rhe 
Re, | 
é [ 106 0.35 
L Rep | 


A = Small throat Reynolds number correlation function. 

B = Fluid momentum ratio. 

B = Diameter ratio. 
= did. 

c 


= Generalized Reynolds number correlation function. 
C, = Coefficient of discharge at a specified pipe Reynolds number. 
C; = Coefficient of discharge at infinite pipe Reynolds number. 
ACT) = Coefficient of discharge at infinite pipe Reynolds number for cormer-tapped 
orifice meter. 


Orifice plate bore diamcter calculated at T: 
Orifice plate bore diamcicr calculated at 7}. 


Meter tube internal diameter calculated at 7. 


tant. 2.71998 
Napetian constant, 2.71828, 


L, = N,/D for flange taps. 


AyiD} for flange taps, 
for fHange taps. 


10 when D is in inches; 25.4 when D is in millimeters. 


Re, = vipe Reynolds number. 
Rey pipe Reynolds number. 


The downstream tap term, M), is the distance between the downstream face of the plate 
and the downstream tap location. The tap hole term, M,, is significant only for nominal 
meter tubes less than 75 millimeter (3 inch) equipped with 9.525 millimeter (0.375 inch) 
flange taps holes. 

The equation is applicable to nominal pipe sizes of 2 inches (50 millimeters) and larger, 
diameier ratios (f) of 0.10 through 0.75 provided the orifice piate bore diameter, d,, is great- 
er than 0.45 inches (11.4 millimeters), and for pipe Reynolds numbers greater than or equal 
#6:4,000; Those thicrested in applications with Rp lds than 400G/h less dian 0.45 inches, 
ot for comer or D-D/2 (radius) taps, all of which are outside the range of this standard, are 


referred to Anvendix 4-A 
referred to Appendix 4-A. 


Since the mid 1930's, the correlation published by Dr. E. Buckingham and Mr. Howard 
S. Bean has been used by A.G.A, Report No. 3 (ANSI/API 2530), In 1980, ISO replaced 
the Buckingham equation with the Stolz linkage equation in the international orifice stan- 
dard (ISO 5167). Statistical analysis of the Regression Data Set showed that in several 
regions, neither the Buckingham nor Stolz equations accurately represented the data for 
flange-tapped orifices (Figures 4-1 through 4-3). The figures indicate that the dara daes not 
substantiate the uncertainty statement published in both the ISO and 1985 ANSI standards. 


The flenres show that the RG a: 
The figures show that the RG equi. 


provides an excellent fit to the daia for flange-tapped 


orifice meters. Figure 4-9 shows that the RG equation fits the data much better over the 


mmber ranes than the Srevions equ {Tlanes A_Oy 
entire Reynolds number range than the previous equation (Figure 4-8). 


Figures 4-4, 4-5, 4-6, and 4-7 show the superior fit of the RG equation to the corner and 
D-Df2 (radius) fap data. 


(text continued on page 20) 
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Figure 4-1——Flange Tap Data Comparison—Mean Deviation (%) versus 
Nominal Beta Ratio 
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Figure 4-3—Flange Tap Data Comparison—Mean Deviation (%) versus 
Reynolds Number Ranges 
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4.3 Implementation Procedures 


4.3.1 INTRODUCTION 


The implementation procedures in this document provide consistent computed flow rates 
for orifice meter installations which comply with other parts of this standard. A particular 
implementation may deviate from the supplied procedures only to the extent that final 
calculated flow rate does not differ from that calculated using the presented implementation 
procedure using IEEE Standard 754'' double precision arithmetic by more than 50 parts 
per million in any case covered by the standard. This discrepancy is allowed in recognition 
of the need for real-time flow measurement computers to perform the required computa- 
tions in a continuous mannce with minimal computations, 

‘This implementation procedure is divided into three subsections: solution for mass or 
volumetric flow sate (Section 4.3.2), special procedures for natural gas applications (Sec- 
tion 4.3.3), and implementation example calculations (Section 4.3.4), Three different 
rounding procedures are provided for rounding of input and output variables. Recommend- 
ed rounding tolerances for each of the jes are given in Appendix B.S: 
demonstrates the general method for solving the mass flow equation used in orifice meter- 


to flow. Since sovoral additional standards aro 
tric How. Since scvoral additional standards aro 


ing for cither mass flow or standard volu: 
ing for cither mass flow or standard volun 


used when metering natural Bas, the additional requirements and methods shown in Part 3 


of this standard are presented in Section 4.3.3 of Part 4, Section 4.3.4 provides sample 


test cases that can be used to verify any computer logic developed to represent the imple- 
mentation procedures, 


4.3.2. SOLUTION FOR MASS OR VOLUME FLOW RATE 


Jn Part 1, the equation for mass flow rate through an orifice meter was given as: 


i ter rr 
In = FNC EYP /2p,, ,AP (4-1) 
q ue 


C, = orifice plate coefficient of discharge. 

orifice plate bore diameter calculated at flowing temperature, 1}. 
= orifice differential pressure, 

velocity of approach factor. 

unit conversion constant. 


universal constant G. 14159., oe 
Gn = mass flow rate. 


Y = expansion factor, 


The expansion factor, ¥, is a function of the fluid being measured. If the metered fluid is 
corisidered incompressible (for example, water), the factor has a constant value of one. 
Otherwise, Y is a function of the orifice meter geometry, the fluid properties, and the ratio 
of the differential pressure to the static pressure. For the purposes of this standard, natural 
gas is considered to be a compressibie fluid. 

The volume flow rate at flowing (actual) conditions is related to the mays flow rate by: 


+= In! Pry (42) 


JTEBE Standard 754 1985, IEEB Standard for Binary Floating Point Arithmetic, Institute for Electrical and Etec- 
tronic Engineers, New York, New York, See TEEE Standard 854-1987, IEEE Standard for Radix Independent 
Floating Point Arithmetic for discussion of non-binary machines. 
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Where: 
Gm = Inass flow rate. 
gq, = volumetric flow rate at flowing (actual) conditions. 
Pip = density of the fluid at owing conditions (&, and 7). 


‘The volume flow rate at standard conditions is related ta the mass flow rate hy: 


Dy = dy. Py (4-3) 
Where: 
Gn = mass flow rate. 
Q, = volume flow rate at base (standard) conditions. 
P, = density of the fluid at base conditions. 


In Part 1, the orifice plate coefficient of discharge, C;, is given as a function of the orifice 
geometry and the pipe Reynolds number, Rey. The pipe Reynolds number is defined as: 


4g 
4g, 
Ren = — (4-4) 
D = TaD (4-4) 

Whe. 
Where: 

ft = absolute viscosity of the flowing fluid. 

D = meter tube internal diameter calculated at flowing temperature, 7;. 

Tn custody transfer applications, the mass flow rate is unknown and must therefore be 


calculated using an iterative procedure. This section indicates how to solve for the mass 
flow rate in a reliable manner that y! id: 


of this scction that the following orifice goometry ‘data i is available: 


average orifice plate bore diameter measured in accordance with Part 2, 
measured orifice plate bore diameter temperature. 

= linear coefficient of thermal expansion of the orifice plate material. 

average meter tube internal diameter measured in accordance with Part 2 of this 
Sec 


standard, 
Tp, = Measured meter tube internal diameter temperature. 


& — linear coefficient of thermal expansion of the meter tube material 


d, = orifice plate bore diameter at reference temperature, 7, determined according to 
Part 2. 

@ = linear coefficient of thermal expansion of the orifice plate material. 

D, = meter tube internal diameter at reference temperature, 7,, determined according 
to Part 2. 

0 = linear coefficient of thermal expansion of the meter tube material. 

T, = reference temperature of orifice plate bore diameter and/or meter tube intemal 
diameter, According to Part 2, the reference temperature is 68°F (20°C), 


Unlike previous versions of ANSI 2530, both the orifice plate bore diameter and meter 
tube i he corrected for temperature. Table 4-4 lists several typical 
values for the linear coefficient of thermal expansion that may be used in the application of 
this standard, 

Application of this part requires the following data to be measured in accordance with 


the methods outlined in Part 2: 


ie flowing temperature measured in accordance with Part 2. 
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Table 4-4—Typical Values of Linear Goetticlents 


ot Thermal Ea 


of Thermal Expansion 
Linear Coefficient of 
‘Thermat Expansion (a) 
US Units Metric Units 
(infinF) (mmimm-"C} 
‘Type 304 & 316 stainless steel” 0.00000025 0,0000167 
Monel’ O.00000795 G.0000143 


Carhon Steel” 0.00000620 0.0000112 


“for owing conditions between -100°F and +300°R, refer to ASME 
fe 19,5; 
F 


Section 2, 

Note: For flowing temperature conditions outside those stated above and for 
other materials, refer to the American Society for Metals Metais Handbook 
Desk Edition, 1985. 


And either: 


dasa function of T, and A: 


P,» = density of the Muid at flowing conditions (7, 7). 
= absolute viscosity of the flowing fivid, 
& = isentropic exponent (required for compressible fluids only). This is a dimension- 
less quantity, 


Additional data and/or parameters required to determine the above quantities must either 
be made available as measured data or be determined by some other appropriate technical 
method, Acceptable methods for natural gas applications are specified in Section 4.3.3. 

If volumetric flow at standard conditions is desired, then either the value of p, or the 
method of determining p, must be determined either by direct measurements, appropriate 
technical standards, or equations of state. Multiple parties involved in the measurement 
shall mutually agree upon the appropriate technical method to determine the base density 
of the fiuid. Recommended methods for naturai gas applications are specified.in Part 3, 

Four, basic sets of units are provided for in this standard; US. practical engineering units, 

and Sysi al 
Table 4-5 shows the expected units of cach piece of data and the required unit conversion 
constants for each of these units sets. Other units sets may be used provided that the values 
for the units conversion constants are based on the SI units table and are converted using 
the full precision of the constants in ASTM-E380 or API Publication 2564 and then round- 
ing the final result 10 six significant figures. 
he flow rate that is either input as text or transmitted 
as text may be rounded according to the specifications in Appendix 4-B. All other data 
should be retained to the full calculation precision being used. 

The solution procedure given is not the only solution procedure acceptable, but it is 
believed to be the most reliable and predictable. Other solution techniques such as direct 
substitution have been investigated, but were not adopted except for natural gas appli- 
cations for reasons given in Appendix 4-A. The outline of the solution procedure is given 
in4.3,2,1, 
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4.4.2.1 Qutline of Solution Procedure tor Flange—Tapped Oritice Meters 


The general outline of the solution procedures for flange-tapped orifice meters is as 
follows: 
a, At J, calculate terms that depend only upon orifice geometry: d, D, b, E, and orifice 
coefficient correlation terms. These steps are outlined in Procedures 4.3.2.1 throngh 
4.3.2.5. 
b. Calculate flowing pressure, P;, from either P or from F, and AP. Use Procedure 
4.3.2.6A if [, is known. Otherwise use Procedure 4.3.2.6B. 
c. Calculate required fluid properties at %p, P and other specitied tid conditions. For 
natural gas as defined in Part 3, these methods are specified in Section 4.3.3. 
d. Calculate the appropriate fluid expansion factor. If the fluid ie compressible follow 
Procedure 4.3,2.7A, otherwise follow Procedure 4.3.2.7B. 
ce. Calculate the iteration flow factor, F, and its component parts, /;, and F,, , used in the 
(FT) convergence scheme according to Procedure 4.3.2.8, 


f£, Determine the converged value of C,(FT) using Procedure 4.3.2.9. If the value is outside 


in ari VE alne of CORT) should he flacoad ae he: 
Part 1, the CAPT) should be flagged as being 


outside the uncertainty statement given in Part 1. 


g. Calculate the final value of 4,, (Procedure 


(Procedure 4.3.2.12) as required. 


the range of appl 
the range of app: 


Procedure 4.3.2.1A Calculation of Orifice Plate Bore Diameter from 
Measured Diameter 


icé plate material. 
d,, = orifice plate bore diameter ees nied | at Th. 
Ty, = orifice plate bore diameter measurement temperature, 

Tp = flowing temperature, 


Output: 
d = orifice plate bore diameter calculated at flowing tempcrature, yp. 


Table 4-5—Units, Conversion Constants, and Universal Constants 


Variable(s) U.S. 1 Metric SL 
dys Diny bp, Dy dD in iia mm m 
Py, Pa Pes B psia psia bar Pa 
AP in HO at 60°F in 11,0 at 60°F millibar Pa 
Pip Pe Ibm ft Ibmift3 kgin3 kg/m? 
Gnu Tord ibin/ic kefar kp/s 
4, 2, ft} 83/be m/hr mys 
Th Ty F °F °F °C K 
Oy Oly infin fuft-°F mm/mm—"C tolm-K 
cP Tbm/ft-s cP Pa-a 
R 10.7316 10.7316 0.0831451 8314.51 
psia-fCbmol—"F psia-ft?/lomolF bar-m/kmol-°C Jmol-K 
Mr 28.9625 28.9625 28.9625 28.9625 
Ib/lbmol Ibflbmal kg/kmol kefkmol 
Ne 323.279 46552.1 0.0360000 1.0 
Mi 6.235e2x 104 0.773327 0.100000 48 
Ns 27.7070 27.7070 1000.00 1.0 
Ng 1.0 0,08333333 15.4 0.0254 
Ns 459.67 459.67 273.15 0.0 
i 68°F 68°F 20°C 293.15 K 
x 3.14150 3.14159 3.14159 3.14159 
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Procedure: 


r 


Va 4] 

fda Seay -% J (4-5) 

Procedure 4.3.2.1B Calculation of Orifice Plate Bore Diameter from 
Reference Diameter 


Tnput: 
0 = lincar coefficient of thermal expansion of the orifice plate matetial. 
d, = orifice plate bore diameter calculated al reference temperalure, 7, 
T, = reference temperature of orifice plate bore diameter and/or meter tube internal 
diameter—68°F (20°C). 
J; = flowing temperature. 
Output: 
d = orifice plate bore diameter caiculated at flowing temperature, 7}. 
Procedure: 


Step i. Calculate orifice piate bore diameter ai 7; according iv; 


Procedure 4.3.2.2A Calculation of Meter Tube Internal Diameter from 
Measured Diameter 


linear coefficient of thermal expansion of the meter Lube material. 
meter tube internal diameter measured at T,,. 

= meter tube internal diameter measurement temperature. 

flowing temperature. 


Oh = 


f 
Output: 
D = meter tube internal diameter calculated at flowing temperature, 7). 
Procedure: 
Step t. Calculate meter tube internal diameter at J; according to: 


r ’ ea 
Pepa tees Gi - tp | - @/ 


Procedure 4.3.2.2B Calculation of Meter Tube Internal Diameter from 
Reference Diameter 


Toput: 

Cy, = linear coefficient of thermal expansion of the meter tube material. 

D, = meter tube internal diameter at reference temperature, f,. 

f, = reference temperature of orifice plate bore diameter and/or meter tube internal 

diameter. 

4; = flowing temperature. 
Output: 

D = meter tube internal diameter calculated at flowing temperature, 7). 
Procedure: 


Step I, Calculate meter tube internal diameter at 4; according to: 


D= Df ita, (%-7) | 48) 
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Procedure 43.2.24 Calculation of Diameter Ratio (3) 


orifice plate bore diameter calculated at flowing temperature, Tp. 
mefer tuh 


fernal diameter calculated at flowing temperature, J). 


> Tatio of orifice plate bore diameter fo meter tube internal diameter calculated at 
flowing conditions. 
Procedure: 
Step 1. Calculate Busing the formula: 


B=diD (4-9) 


Procedure 4.3.2.3B Calculation of Flowing Diameter Ratio (8) from 
Measured Meter Tube and Orifice Bore Diameters 


Input: 
4, = linear coefficient of thermal expansion of the orifice plate matetial. 
% = linear ceefficient of thermal expansion of the meter tube material, 
d,, = orifice plate bore diameter at T,, . 


D,, = meter tube internal diameter at 7,,. 
T,, = orifice plate bore diameter measurement temperature. 
Tp, = meter tube internal diameter measurement temperature. © 
Ty = flowing temperature. 
Output: 
8, = ratio of orifice plate bore diameter to meter tube internal diameter calculated at 
flowing temperatute, 7. 
Procedure: 
Step 1, Calculate measured diameter ratio, §,,, according to the formula: 


Bu = FytDy (4-10) 
Step 2. Calculate f at flowing conditions according to the formula: 


99-8) 


B= (4-11) 


nm 


1+0,f % - 1 | 
a ot ara 


Procedure 4.3.2.3C Caiculation of Flowing Diameter Ratio, 8, from 
Reference Meter Tube and Orifice Bore Diameters 
Input: 
oO, = linear coefficient of thermal expansi al. 
0% = linear coefficient of thermal expansion of the meter tube material. 
d, = orifice plate bore diameter at reference temperature, T. 
D, = meter cube internal diameter ar reference temperature, 4 
Ui 
fr. 


= flowing temperature. 
r. = reference temperature of orifice plate bore diameter and/or meter tube internal 
diameter. 
Output: 
8 = tatio of orifice plate bore diameter to meter tube internal diameter calculated al 
flowing conditions, 
Procedure: 
Step 1, Caicuiate reference diameter ratio, §,, according to the formula: 


Copyright por American Petroleum Institute 


Sat Nov 03 21:55:38 2001 


API NPMS#L4.3-4 92 MM 0732290 OS0bal4 244 


26 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


B= 41D, (112) 


Step 2, Calculate diameter ratio, §, at lowing temperalurc according to the formula: 


_ | tte (Gn) 
p=o| 72 TF) | @-13) 
L 1sen(G-7) 4 


Procedure 4.3.2.4 Calc 


Input: 
£ = ratio of orifice plate bore diameter to meter tube internal diameter calculated at 
flowing conditions. 
Output: 
EB, = velocity of approach factor. 
Procedure: 
Step I, Calculate velocity of approach factor, E,, by the following formula: 


(4-14) 


Procedure 4.3.2.5 Calcul nge—Tapped Orifice Plate 
i Coefficient of Discharge Constants 
i 
Input: 


D = meter tube internal diameter calculated at flowing temperature, 7;. 
B = tatio of orifice plate bore diameter to meter tube internal diameter calculated at 
flowing conditions, 
Parameter Values: 


0.5961 0.0049 
0.0291 0.0433 
~0,229 0.0712 
0.003 8.1145 
2.8 -0.2300 
0.000511 ~O0,0116 
0.021 —0,5200 
~0,1400 


Terms Ag through Ag and §, through S, are numeric constants in the RG flange-tapped 
orifice meter coefficient of discharge equation. For detaiis see Appendix 4-A. 

Output: 

Cy. = first orifice piate coefficient of discharge constant. 

C, = second orifice plate coefficient of discharge constani. 
,, = thitd otifice plate coefiicient of discharge constant. 
Cy, = fourth orifice plate coefficient of discharge constant. 
Gi, = oath orifice plate coefficient of discharge constant, 


Step 1, Calculate the dimensionless upstream tap position, Z,, and dimensionless 
downstream tap position, E>. 
For flange-tapped orifices: 


[,=N,fD (4-15) 
L,5N,{D (4-16) 
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Tor other orifice meter tap configuiativus, seo Appoudia 4-A, 


Step 2. Calculate the dimensionless downstream dam height, M, according to the 
following formula: 


2b. 
7) ead (4-17) 
2-ToB 


Step 3, Calculate upstream tap correction factor, Z,, according to the following 
formula: 


ae 
B 
1-64 


Step 4. Calculate the downstream tap correction factor, Jp, according to the following 
formula: 


Ty =| grser + se | 


(4-18) 


T= S[ M,+S,uy |p (4-19) 
Step 5, Calculate small pipe correction factor, Te! 
HD>(A,Ny) 
Then Z = 0.0 (4-20) 
Else Ty = Ag (1— 8) (44 - DING} {4-21} 


Step 6. Calculate the orifice plate coe! ft 
number of 4,000 according to the following formulae: 


Giz Avtar SP +4, B84 Ty +I + Ty (4-22) 
Ci, = As B% 250)" (4-23) 
Ci,=A6 B1250°" (4-24) 
Ci, 25 6 B°* (4.75 (250) (4-25) 
Cy, = Ss Ty + 53 Tp) BP? (4.75) (4-26) 


Note: Library functions for calculating exponentials, powers, or square roots may be 
used if they are at least as accurate as the seven decimal versions presented in Software 
Manual for the Elementary Functions by William J. Cody and William Waite, Prentice- 
Hall, Englewood Cliffs, New Jersey (1980), 

The FORTRAN library routines supplied by International Business Machines, Control 
Data Corporation, Digital Equipment Corporation, and UNISYS meet these requirements. 


Procedure 4.3.26A Calculation of Upstream Flowing Fluid 
Pressure from Downstream Static Pressure 


P;, = flowing pressure (downstream tap). 
= ortfice differential pressure. 
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Procedure: 
Step 7. Calculate P,, according to the following formula: 


£ = ratio of orifice plate bore diameter to meter tube internal diameter calculated at 
flowing conditions. 
AP = orifice differential pressure. 
P, = flowing pressure. 
k = isentropic exponent. 


Output: 
Y = expansion factor. 
Constants: 
Nj = unit conversion factor (expansion factor). 
Procedure: 
Step 1, Calculate the orifice differential pressure to flowing pressure ratio, x, according 
to the formula: 
nA 4-28) 
** NAP 4-28) 
Step 2. Calculate expansion factor pressure constant, ¥,, according to the formula: 
0.41 + 0.3584 
aie ae , ee 
Step 3, Calculate the expansion factor according to the formula: 
Yai-¥x (4-30) 
Procedure 4.3.2.7B Calculation of Incompressible Fluid Expansion Factor 
Inpnt: 
Input: 
None 
Output: 
¥ = expansion factor. 
Procedure: 
Step 1. Expansion factor for incompressible fluid is defined to be unity. 
Y=10 {4-31} 


Procedure 4.3.2.8 Calculation of Iteration Flow Factor 


Input: 
d = orifice plate bore diameter calculated at flowing temperature, 7. 
D = meter tube intemal diameter calculated at flowing temperature, 7;. 
AP = orifice differential pressure. 3 


, = velocity of approach factor, 

= absolute viscosity of fluid flowing. 

Pup = density of the fluid ai lowing conditions, P,, 7. 
= expansion factor. 


F, = iteration flow factor. 
Constants: 
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Nj, = unit conversion constant for iteration flow factor. 


Procedure: 
Step 1, Calculate iteration flow factor intermediate values according to the formulae: 
4000.N, Du 
St (4-32) 
E E, Yd? 


F, = [20,,4P (4-33) 


iteration flow facior and limit accordingiy: 


IF), < 1000 
Then F; = F,/F;, (4-34) 
Else F; = 1000 (4-35) 


Procedure 4.3.2.9 Calculation of Flange-Tapped Orifice Plate 


Coefficient of Discharge 
Tnput: 
Cy = first orlfice plate cosfficient of discharge it. 
Ca, = second orifice plate coefficient of discharge constant. 
Ci, = third orifice plate cnefficient of di 
Ca, = fourth orifice plate coefficient of discharge constant. 


Cy, = fifth orifice plate coefficient of discharge constant. 
F, = iteration flow factor. 


C,(FT) = orifice plate coefficient of discharge. 
Ci_¢ = orifice plate coefficient of discharge bounds flag. 


Constants: 
X, = value of X where low Reynolds number switch occurs, 
1.142 139 337 256 165 (Reynolds number of 3502.2) (4-36) 
A,B = correlation constants for low Reynolds number factor 
A = 4.543 524 261 523 267 (4-37) 
B = 3.764 387 693 320 165 (4-38) 
Procedure: 
Step 1. Initialize C,(FT) to a value at infinite Reynolds number. 
GET) = Gi, 
Step 2. Calculate X, the ratio of 4,000 to the assumed Reynolds number, ac 
the formula; 
X= FIGPD (4-39) 


Step 3. Calculate the correlation value of C,(FT), F,, at the assumed flow, X, and the 
derivative of the correlation with respect to the assumed value of C,(FT), D,, using the 
following formulae: 

If(X <X, ) then, 


as 0.35 0.8 1.35 0.8 
B= G+ {GX +O, GX \x* +G,X 
% si (4-40) 


/ ae : SNe ee 
D, = ead + 0.35, + 1156, X°% eae (4-41) 
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Else, 
FE = G,+G,X"+( G, + Gx") (a- g Ja, x°8 
u PR / (4-42) 
OF os \B BY vos 08 
= 0.76,4074[ G+ GX | FH08G,(A~ F XHO8GX 43) 


Step 4, Calculate the amount to change the guess for C,(FT), SC), using the following 
formula: 
Gy (FT) -F 
D, 
G (FT) 


6G, = 
1+ 


Update the guess for C,(FT) according to: 
CAET) = CFT) — 5Cy (4-44) 
Step 5. Repeat Steps 2, 3, and 4 until the absolute value of 6C; is less than 0.000005. 


Siep 6. if the value of X is gieater than 1.0, 
Then set C,_ J 


Blige clear C 
Else clear Cy_ 


converged orifice plate cocfficient of discharge. 

orifice plate bore diameter calculated at flowing temperature, 7). 
orifice differential pressure. 

velocity of approach factor. 


density of the fluid ai flowing conditions a, Fp. 
expansion factor. 


mass flow rate, 


Constants; 


N, = unit conversion factor (orifice flow). 
Procedure: 
Step 1. Calculate mass flow factor according to the formula: 
Frases = GNeE,@ (4-45) 


mass 4 


Step 2. Calculate mass flow rate according to the formula: 


Note: The term under the radical has been calculated in 
Procedure 4.3.2.11 Calculation of Valume Flow Rate at 
Flowing (Actual) Conditions 


Input: 
CFT) = converged orifice plate coefficient of discharge. 
‘alate hare dinassiee cal cilnied-at Aowlae Gainibe ature, T. 


orifice plate bore diameter calculated at flowing temperature, 7). 
AP = orifice differential pressure. 


clocity of approach factor. 


B = velocity 
&, = velocity of approach factor, 
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> 
= 


density of the fluid at flowing conditions (7, 7). 
expansion factor. 


nou 


volume flow rate at flawing (actual) conditions. 


Nj, = unit conversion factor (orifice fiow). 
Procedure: 


aan 


dine = formaalas 
scoring to the formula: 


Step 2. Calculate volume flow rate according to the formula: 


Foaays Cy OT) P.f20,, AP 
Prp 
Note: The term under the radical has been calculated in procedure 4.3.2.8 as FE, 


(4-46b) 


v 


Procedure 4.3.2.12 Calculation of Volume Flow Rate at 
Base (Standard) Conditions 


Input: 


converged orifice plate coefficient of discharge. 
orifice plate bore diameter calculated at flowing temperature, T;. 
orifice differential pressure. 

velocity of approach factor. 

density of the fluid at base conditions (A, , T,). 

density of the fluid at flowing conditions (#,, 7}). 

expansion factor. 


Q, = volume flow rate at base conditions. 
Constants: 
N, = unit conversion factor (orifice flow). 
Procedure; 
Step 1. Calculate mass flow factor according to the formula: 


Fase = iN, Ed (4-45) 


mass 


Step 2. Calculate volume flow rate according to the formula: 
Fass Ca OFT) Yf2P, p AP 

Pp 
Note: The term under the radical has been calculated in procedure 4.3.2.8 as Fie 


a (4-460) 


4.3.3 SPECIAL PROCEDURES AND EXAMPLE CALCULATIONS FOR 
NATURAL GAS APPLIGATIONS 

Procedure 4.3.3.1 Calculation of Natural Gas Flowing Density Using 

{deal Gas Relative Density (Specific Gravity), G, 


input. 
a G; = ideal gas relative density (specific gravity). 
—_ T, = flowing temperature. 


es) 
4a 


flowing pressure (upstream tap). 


See aCe Cm Dr sl ar Goce Ee RO Oa Cc OE MO PE PCC MN Ge A a Nd 
er 
ruiunae 
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Output: & 


Pip = density of the fluid at lowing conditions (4, 7). 
Constants: 
Mr = molecular weight of air. 
R = universal gas constant. 
Ng unit conversion factor (absolute temperature), 
Procedure: 
Step 1, Use appropriate A.G.A, Transmission Measurement Report No. 8 procedure 
to calculate the compressibility at flowing conditions, Zh at G;, Tp and F. 
Step 2, Calculate the density of the fiuid at flowing conditions according to the 
formula: 


" 


PB Mr,,,G; 
Pp MAY 3 G; 
prada a iy 4-47) 
Pap z, R(T pt Ns) ( 


Natural Gas Base Density 


Gas Relative Density (Specific Gravity), G, 


= ideal gas relative density (specific gravity). 
base temperature. 
= base pressure. 


density of the fluid at base conditions (F,. 7): 

= molecular weight of air. 

= universal gas constant, 

unit conversion factor (absolute temperature). 

Step 1. Use appropriate A.G.A. Transmission Measurement Report No. 8 procedure to 


caleulate the compressibility at base condition at G;, T;, and B. 
Step 2, Calculate the density of the fluid at base conditions according to the formula: 


By Mtge Gi 


Po R(T, +ND aD) 


G, = real gas relative density (specific gravity). 
i= fiowing pressure (upstream tap). 
Py, = measured air pressure. 
= measured gas pressure. 
Re flowing temperature. 


Sinai 
Mena a measured gas temperature, 
Output: 
Pip = density of the fluid at flowing conditions (P;, 7). 
Mr, = molecular weight of air. 
R = universal gas constant. a 
Ns = unit conversion factor (absolute temperature), ww 
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Procedure: 

Step 1. Use the appropriate procedute from A.G_A. Transmission Measurement Report 
ay 8 to calculate the air compressibility at air measurement conditions, Z,,,, at T,,,,,a0d 
B,,,.« Since air is a mixture of other gases, the full analysis method of A.G.A. Transmission 
Measurement Repost No. & can be utilized to determine its compressibility. Kor those ver- 
sions of A.G.A. Transmission Measurement Report No. 8 which do not contain Argon as a 
component, combine the Argon fraction and aii other missing iractions into the Carbon 

Dioxide fraction, 


Siep 2. Use the appropriate procedure from A.G.A. Transmission Measurement Report 
No. 8 to calenlate. the gas compressihility at gas measurement conditions, Prsgas* atG,. itgas* 
aad P 
aod Fa 


Step 3. Calculate the ideal gas relative density (specific gravity), G,,using the follow- 
ing formula: 


(4-48) 


Step 4. Use the appropriate. procedure from A.G.A. Transmission Measurement Report 


No. 8 to caloulate the ibility at fo con 
No. 8 to calculate the compressibility at owing con 


ons, Z,, at G), T, and B 
ions, Z;, at G,, Tj, and P,. 
Step 5. Calculate the density of the fiuid at flowing conditions according to the 


formula: 


iG Mai 4-49 
Poo ~ ZOR(E+N;) cc) 


Procedure 4.3.3.4 Calculation of Natural Gas Base Density Using 


Som Porelty {& 


ve Density (Spe 


Gi ‘avity}, G, 


G, = real gas relative density (specific gravity). 
base pressure, 

= measured air pressure. 

measured gas pressure. 

= base temperature. 

measured air temperature. 

= measured gas iemperature. 


Constants: 
Mr, = molecular weight of air. 
universal gas constant. 


Procedure: 

Step 1. Use the appropriate procedure fram A.G.A. Transmission Measurement Report 
No. 8 to calculate the air compressibility at air measurement conditions, Z,,,,,at 7),,,,and 
Prair: Sinice air is a mixture of other gases, the full analysis method of A.G.A. Transmission 
Measurement Report No. 8 can be utilized to determine its compressibility. For those 
versions of A.G.A. Transmission Measurement Report Ne. 8 which do not contain Argon 
as a component, combine the Argon fraction and all other missing fractions into the Carbon 
Dioxide fraction. 
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Step 2. Use the appropriate procedure from A.G.A. Transmission Measurement Report ® 
No. 8 to calculate the gas compressibility at gas measurement conditions, Zr,,.¢2 At Ges Trtyus 
and Py)... Assume that G, is an ideal gas relative density (specific gravity) for this 
calculation. 

Step 3, Calculate the ideal gas relative density (specific gravity), G;, using the follow- 
ing formula; 


Step 4. Use appropriate A.G.A. Transmission Measurement Report No. 8 to calculate 
the compressibility at base conditions, Z, at G, %, and P, 


Input: 
& = isentropic cxponcnt, for calculation of expansion factor. 
Output: 


& = isentropic exponent, for calculation of expansion factor, 
Procedure: 
Step 1, Recommended procedure is to use k = 1.3. 


Procedure 4.3.3.6 Natural Gas Viscosity 


Input: 
penis Phat tte ie si ce 
fi = absoluic viscosity of 
iteration flow factor. 
Cutput; 
ut = absolute viscosity of the flowing fluid, for calculation of Reynolds number or 
iteration flow factor, 
Procedure: 


Step 7. Recommended procedure is to use 


4.3.3.7 Example Calculations Using Natural Gas Procedures 
43.3.7.1 US. Units Examples 


For the following two examples, a nominal 4 inch meter tube having a nominal 2 inch 
bore diameter is assumed. The geometric data for the meter is as follows; 


late the density of the 


1 = 0.0000069 ibm /ftesec or ff = 0.010268 cP, 


r tnhe internal diameter 4.025 inches at 68°F 
ofifice plate bore diameter 2.000 inches at 68°F 
meter tube material carbon steel pipe 
6.20 x 10° in/in —°F coefficient of thermal expansion (a) 
orifice plate material austenitic stainless steel a 


9,25 x 10° infin -°F coefficient of thermal expansion (a4) 
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Example 1 


Calculate the mass flow rate and base volunie flow rate of a natural gas having an ideal 
gas relative density (specific gravity) of 0.65 with 2.0% mole carbon dioxide and 5.0% 
mole niwogen, The gas is flowing at 86°F and a downstream pressure of 199.3 psia with an 
orifice differential pressure of 20 inches of water column at 60°R. Base conditions are 60°F 
and 14.73 psia. 

In this example, the flowing pressure must be calculated according to Procedure 
4,3.2.6A. Procedure 4.3.3.1 can then be used to calculate the density of the fluid at flowing 
conditions and Procedure 4.3.3.2 can be used to calculate the density of the fluid at base 
conditions. 


20 
27.707 


200,022 psia 


Using A.G.A. Transmission Measurement Report No. 8 GCN [real relative density (spe- 
cific gravity), % carbon dioxide, and % nitrogen] composition characterization procedure: 


P= 1993+ 


Z = OO73174 


Z D737 


AGA-8 (1985) requires input in terms of real gas gravity rather than ideal gas gravity. It 
is necessary to iteratively solve for the real gas gravity at the AGA-8 base conditions of 
60°F and 14,73 psia using the formula: 


G,=G;* 


the 
that G, = G, to 
ae must be Se repeuse until the assumed and calculated values of G, a within 
2x 10°, The value of Z, , to be used for this procedure is 0.999590. For this example the 
iteration history is as follows: 


Iter G, Los 
0 0.65 0.997646 
1 0.651267 0.997634 
2 0.651275 0.997A34 
3 0.651275 0.997634 
200,022 x 28,9625 0.65 
0.973174 x 10.7316 x (86 + 459.67) 
= 0.660758 tbnvit? 
Z, = 0.997634 


= 0.0498412 oo. 
At flowing conditions, the orifice plate bore diameter and the meter tube internal diam- 
ctor arc calculated using Procedures 4.3,2.1B and 4,3.2.2B and the ratio is calculated 
according to Procedure 4.3.2.3A. 


d = 2.00x| 1 +9.25 x 10° (86 ~ 68) | 


2.00033 
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D = 4,025 x [1 + 6.20 107" (86 - 68) | 


4.02545 


Be 2.00033 
~ 4.02545 


0.496921 
The velocity of approach factor is calculated according to Procedure 4.3.2.4. 


i 


E, = —— 
di —o.ages214 
1.03195 


tl 


‘The expansion factor is calculated according to Procedure 4.3.2.7A using the isentropic 


exponent value provided by Procedure 4.3.2.5 
exponent value provided by Procedure 4.3.3.5, 


k = 130 
20.0 
27.707 x 200.022 


3.6088 x 107 


a 


od 
tt 


be 
li 


= 


The iteration flow factor is calculated using Procedure 4.3.2.8 with the absolute viscosity 
provided by Procedure 4.3.3.6. 


H = 0.010268 cP 
4000 x 6.23582 x 10 x 4.02545 x 0.010268 


he 1.03195 x 2.000337 x 0.998803 
= 0,0249984 
F,, = 12x 0.660758 x 20 
= 5.14104 
ree 0.024994 
514104 


constants. 
L, = In 


1.0 
4.02545 


J 
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0.248410 


MW 


2 x 0.248419 


Mt, = Fo abel 


= 0.987594 


4 
= ( 0.0433 + 0.0712 e85*0248119 _ 9 1145 9 60 K0248519) 0.496921 
( 0.0433 + 0.0712 € 0.1145 ¢ ) Tooaeooa 


= 169652 x 10" 
Ti = ~0,0116 (0.987594 — 0.52 x 0.987594") 0.496921" 
= -2,55828 x 10 


= 0.601573 
G, = 0.000511 x 0.496921° x 250°” 

= DV.OL49410 

Gy, = 0.021 x 04969214 « 250° 

= 8.84398 x 107 

CG, = 0.0049 x 0.496921"* x 4,75" x 250° 
4.10213 x 10° 


Gi, = (-0.23 x 1.69652 x 107 + 0.44 x 2.55828 x 109) 0,4969219% x 4.75% 


= 636917 x 10> 


Using Procedure 4.3.2.9 io caicuiate the orifice piate coefficient of discharge resuits in the 
following iteration history: 


Cy, = 0.601573 
X = g.0g3a1x 19° 
F = 0.603738 
a 


& 
W 

a) 
2 
wm 
5 
x 

im 
i) 


5C, = ~0.00216159 
0.603735 
X = 8.05406x 107 
F, = 0.603735 
A 


D. = OATIST x 10 


5C, = -0.000000 
= 0.603735 


Gs 


2 
( 
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The mass flow rate can now be calculated using Procedure 4.3.2,10. 


_ 323,279-% 3.14159 x 1.03195 « 2.000337 


Frnss = ~ 
= 1048.40 
= 1048.40 x 0.998803 x 0.603735 x 5.14104 
= 3250.16 ibm/br 


The base (standard) volume flow rate is calculated using Procedure 4.3.2.12. 


1048.40 x 0.998803 x 0.603735 x 5.14104 
0.04984 12 


65.2602. 10° f'/hnr 


0, = 


u 


Example 2 


Caicuiate the mass fiow rate and base volume fiow rate of a natural gas having a real gas 
relative density (specific gravity) of 0.65 with 2.0% mole carbon dioxide and 5.0% mole 


. The real Bas relative density specific Bavity) | Was imeasured at 60°F ad 


at KOOP D and 
at 60°F. Base conditions arc 60°F and 


Atftee eet oa at 0 daches‘of water cal 
differential pressure of 20 inches of water colun 
14.73 psia. 


In this example, the flowing pressur 


wing pressur 


43.2, 6B. Procedure 4.3.3.3 can then be used to calculate the density of the fluid at flowing 


and Procedure 4.3.3.4 can be uged to calculate the density of the flnid at hase 


must be calculated according to Procedure 


conditions. 


P-= 200.0 


Using the A.G.A. Transmission Measurement Report No. 8 compositional characteriza- 
tion procedure for air and the composition for air given by Jones!?, the air compressibility 
for air at gravity measurement conditions is: 


Zaygy 7 0.999590 


Using the A.G.A. Transmission Measurement Report No, 8 GCN composition character- 
ization procedure, assuming that the ideal gas relative density (specific gravity), G;, is the 
same as the real gas relative density (specific gravity), G,, 


Ziriggs = 9.997646 
Using these values to calculate the ideal gas relative density: 


G = 0:85. 0.997646 
1 9.099590 


0.648736 


Using A.G.A. Transmission Measurement Report No, 8 GCN composition characteriza- 
tion procedure: © 


Z = 0.973311 


a 


“i 200, 0 x 28.9625 x 0. 046/30 
Pup = § 973311 x 10.7316 (86 + 459.67) 


0.659307 Ibmvft* 


I 


"2 Yones, Frank B., “The Air Density Equation and the Transfer of the Mass Unit,” Joumal of Research of the 
Natlonal Bureau of Standards, Vol, 83, No. 5, 1978, pp. 419-428. 
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A, 0.997646 


4472 ye 98 OOS we OO GARTIG 
14.73 * 28.9625 * 0.648736 


Pe = 9997646 x 10.7316 x (60 + 459.67) 
0.0497437 Ibm/ft? 


At flowing conditions, the orifice plate bore diameter and the meter tube internal diame- 
ter are calculated using procedures 4,3,2.1B and 4.3.2.2B and the f ratio is calculated using 
Procedure 4.3.2.3A. 


d = 2.00x[ 1 +9.25x 10°° (86-68) | 
= 2.00033 
D= 4.025 x [ 1 + 6.20 x 107° (86~68) | 


= 4.02545 


, _ 2.00033 
B= Toasas 


= 0.496921 
The velocity of approach factor is calculated aceording to Procedure 4.3.2.4. 
1 


ie 
fl ~0.4960214 


1,03195 


‘The expansion factor is calculated according to Procedure 4.3.2.7A using the isentropic 
exponent value provided by Procedure 4.3.3.5. 


k = 130 
22 20.0 
© 37707 x 200.0 
= 3.60920 x 107 
ne 0.41 +0.35 x 0.4969214 
o* 130 
= 0.331801 


and 
LU 


mt 
iT) 
Ra 
L 
© 
a 
ta 
ie 
oO 
a 
¢ 
x 
wo 
g 
Ww 
a 
x 


= 0.998802 
The iteration flow factor is calculated using Procedure 4.3.2.8 with the absolute viscosity 


srovided by Procedure 4.2.2.6. 
provided by Procedure 4.3.3.6. 


Ht = 0.010268 cP 
Ff = OM 6282 eA AUS * 0.010268 
1.03195 x 2.00033? x 0.998802 
= 00249984 
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oF 


if 


u 


42x 0.659307 x 20 
5.13540 


Q,0249984 
5.13540 


4.86786 x 10° 


constants. 
ly = Ly 
LO 
~ 400545 
= 0.248419 
My = 220248419 
1 0.496921 
= 0.987594 ; 
Ty = (0.0433 + GOTIZe BPMN — 91145 SOKO ei 
= 169652 « 107 
Ty = —OOL16( 0.987504 — 0.52 x 098750413) 0,49¢021!! 
= 2.55828 x 10° 
T = 0.0 
Cy, = 0.5961+0,0291 x 0.496921" 0.229 x 0,496921°+1.69652 x 10> 2.55828 x 10° 
= 6.601573 
G,, = 0.000511 x 0.496921" x 250°” 
= 00149410 
Gy, = 0.021 x 0.496921" x 250° 
= 8.84308 x 10° 
Gy, = 9.0049 x 0.496921"* x 4.75" 250°" 
= 4.10213 x 107 
Gy, = (0.23 x 1.69652 x 1073+ 0.14 x 2.55828 x 10) 0.496921°° x 4,755 


6.36917 x 10° 


Using Procedure 4.3.2.9 10 calculate the orifice plate coefficient of discharge resulls in the 
following iteration history: 


Gy = 0.601573 
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De — 9.49968 « 104 
5G, = —0.00216258 


Cy = 0.603736 
X = 8.06290x 107 
E, = 0.603736 
eee on alias 
8, = 0.000000 
Ci = 0.603736 


The mass flow rate can now be calculated using Procedure 4.3.2.10. 
E 323.279 x 3.14159 x 1.03195 x 2.000337 


mass = 4 


= 1048.40 
Gm = 1048.40 x 0.998802 x 0,603736 x 5.13540 
= 3246,59 lbm/hr 


The base (standard) volume flow rate is calculated using Procedure 4.3.2.12. 


1048.40 x 0.998802 x 0.603736 x 5.13540 
0.497437 


65.2664 x 10° ft? hr 


Qs 


ii) 


qT 


4.3.3.7.2. Metric Units Examples 


mpies, a nominal 100 wuillimeter tubo having a nominal 


30 millimeter bore diameter is assumed. The geometric data for the meter is as follows: 


For the following two ex: 


meter tube internal diameter 102.24 millimeters at 20°C 


orifice plate bore diameter 50.8 millimeters at 20°C 
meter tube material carbon steel pipe 

11.16 x 10 m/m —°C coefficient of thermal expansion (c) 
orifice plate material austenitic stainless steel 


16.65 x 105 m/m ~°C coefficient of thermal expansion (0,) 


Example I 


Calculate the mass flow rate and base volume flow rate of a natural gas having an ideal 
gas relative density (specific gravity) of 0.65 with 2.0% mole carbon dioxide and 5.0% 
mole nitrogen. The gas is flowing at 30°C and a downstream pressure of 13.74 bar with an 
orifice differential pressure of 49.8 millibar. Base conditions are 15°C and 1.01325 bar, 

Tn this example, the flowing pressure must be calculated according to Procedure 
4.3.2.6A. Procedure 4.3.3.1 can then be used to calculate the density of the fluid at flowing 
conditions, and Procedure 4.3.3.2 can be used to calculate the density of the fluid at base 
conditions. 

49.8 


Pee 13.744 T0000 


= 13.7898 bar 
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AGA-8 (1985) Tequires input in ferms of real gas gravity rather than ideal gas gravity. It 
foe the 5 a SER aE TH, @ hase conditions GF. 


is necessary iv iteratively solve for the real gas gravity at the AGA-8 base conditions of 


60°F and 14,73 psia using the formula: 
G,=G, X Zy/%y, 


air Pgas 

For the first iteration assume that G, = G; to calculate the initial value of Lee . This 
procedure must be repeated until the assumed and calculated values of G, agree within 
2x 10°, The value of Z,,,, to be used for this procedure is 0.999590. For this example the 
iteration history is as follows: 


Tier G, Deas 
9 0.65 0.997635 
1 0.651267 0.997634 
2 0.651275 0.997634 
3 0.651275 0.997634 


Using A.G.A. Transmission Measurement Report No, 8 GCN composition characteriza- 
tion procedure: 


Zp = 0973174 
13.7898 x 28.9625 x 0.65 
Pop = DO73174 © 0,0831451 ~ (30 273.15) 
= 10,5834 kg/m’ 
Z, = 0.997624 


7 1,01325 x 28,9625 x 0.65 
Po = 0.997624 x 00831451 x (15 +273.15) 


in Seana esi 
= 0.798078 ke/m 
At fiowing conditions, ihe orifice plate bore diameter and the meter tube internal diame- 


ter are calculated using procedures 4.3,2,1B and 4,3.2.2B and the diameter ratio, , is 


calculated procedure 4.3.2.3. 


ad 
us 


S 
u 


102,24 xf +1116 x 10° (30 - 15) | 


= 102.251 


p = 50.8085 
* 702.251 


= 0.496900 


The velocity of approach factor is calculated according to Procedure 4.3,2.4. 
1 


fe aA 
a1 —0.496900" 
1.03195 


E, = 
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The expansion factor fs calculated according to Procedure 4.4.2./A using the isentropic 


exponent value provided by Procedure 4.3.2.5 
exponent value provided by Procedure 4.3.3.5. 


ks 
ye 
= 3.61136x 10° 
y, = 0440.35 x 0.496908 
Be 1.30 
= 0.331798 
¥ = 1-0331798 x 3.61136 x 10° 
= 0,998802 


n flow factor is calonlare: 


provided by Procedute 4.3.3.6. 
a 


W 


0.010268 cP 


4000 x 0.10000 x 102.251 x 0,010268 
1.03195 x 50,8085? x 0.998802 
= UL f650 
f, = x WSAXDR 
32,4671 
0.157833 
32.4671 


4.86138 x 10° 


A, = 


Re 


Procedure 4.3.2.5 is used to calculate the orifice plate coefficient of discharge correlation 


constants. 
L= 
_ 254 
~ 102.251 
= 0.248408 
2. 0.248408 
Myo 20S 
>" T= 0.496900 
= 0.987509 
Ty = (0.0433 + 0,0712¢°83* 948408 _ 9 1y4gq-8oxo2es08y _ 0.496900" 
os “ 1-0.4969004 


= 1.69615 «107 


Tp = ~0.0116( 0.987509 - 0.52 x 0.987509'%) 0.496900! 


® 


= -2.55802 x 10° 
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32 2b7 


T = 00 


Cy, = 0.5961 + 0.0291 x 0.4969007- 0.229 x 0.496900 + 1.69615 K10— 2.55802 x 10 


= 0.601572 
Gy, = 0.000511 x 0.496900" x 2507 
= 0.0149406 
7 ANS Anan 4 ne n35 
Ca, = Q.02Z1 X U490900  & Z5U 
= 8.84248 x 10° 


‘4 = 0.0049 x o.498900"* x 4 7908 x 250° 


= 4.10130 10° 


= 6.35927 x 10° 


3 


Gy, = (0.23 x 1.69652 x 1077+ 0.14 x 2.55828 x 107) 0.496921%8 x 4.758 


Using Procedure 4.3.2.9 to calculate the orifice plate coefficient of discharge results in ihe 


following iteration history: 
Cy = 0.601572 
X = B08113x 10° 
“E, = 0.603737 
D, = 9.49231 x 10 
SC, = —0,00216159 


X = 8.05219x 10° 


F, = 0,603733 
a sea oA 
Be = AIDIA A LY 
8C, = 0.00000 


C, = 0.603733 


The mass flow rate can now be calculated using Procedure 4,3,2,10, 
0.003600 x 3.14159 x 50,8085" 


mass = 4 
= 75.3223 
Gn = 75.3223 x 0.998802 x 0.603733 x 32.4671 
= 1474.66 kg/hr 


The base (standard) volume flow rate is calculated using Procedure 4.3.2.12. 


75.3223 x 0.998802 x 0,603733 x 32.4671 


QO» 3.798078 
0.798078 


1847.76 xm°/br 
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@ Example 2 


Calculate the mass flow rate and base volume flow rate of a natural gas having a real gas 
relative density (specific gravity) of 0.65 with 2.0% mole carbon dioxide and 5.0% mole 
nitrogen. The real gas relative density (specific gravity) was measured at 15°C and 1.01325 
bar. The gas is flowing at 30°C and an upstream pressure of 13.79 bar with an orifice dif- 
ferential pressure of 49.8 millibar. Base conditions are 15°C and 1.01325 bar. 

In this example, the flowing pressure must be calculated according to Procedure 
4.3.2.6B, Procedure 4.3.3.1 can then be used to calculate the density of the fluid at flowing 
conditions and Procedure 4,3,3.2 can be used to calculate the density of the fluid at base 
conditions. 


Py = 13.79 bar 


Using the compositional characterization procedure for air from A.G,A. Transmission 
Measurement Report No. 8 and the composition for air given by Jones (see footnote 12), 
the comptessibility for air at gravity measurement conditions is: 


Zig = 0:999586 (SI basis} and 0.999590 (AGA-8 basis) 


AGA-8 (1985) requires input in terms of real gas gra 


than the specified base conditions of 15°C and 101.325 kPa. it is fecessary ‘to iteratively 


solve for the real gas gravity at the AGA-8 base condi 


Grgeaeg = Gel Ly! E Lev gayd91 % Pogigt Fogg AGA8 


For the first iteration assume that G, ta G,,, to calculate the initial value of Zbyg, Ht 


tiv ache Gf bade cmdibens rie ee igo, wot RASH ta 
both sets of base conditions, ‘The compressibility factor for ait, Z,,, at the AGA-8 condi- 


used for this procedure is 0.999590. For this example the iteration history is as follows: 


AGA-8 Basis SI Basis 


ter G, Loses bees 
0 0.65 0.997646 0.997635 
1 0.649996 0.997646 0.997635 
2 6.649996 0.997646 0.997635 


Using the A.G.A. Transmission Measurement Report No. 8 GCN composition character- 
ization procedure, assuming that the ideal gas relative density (specific gravity), G;, is the 
same as the real gas relative density (specific gravity), G, 


Zriges = 0.997635 (ST basis) and 0.997646 (AGA-8 basis) 


Using these values to calculate the ideal gas relative density (specific gravity): 
0.65 % 1.997835 


G; = ——__ 
| * 0.999586 


= 0.648731 
Using A.G.A. Transinission Measurement Report No, 8 GCN composition characteriza- 
tion procedure: 
@ Z = 0.973312 
2 13.79 x 28.9625 x 0.648731 
Poe = 0975312 x 08S14S1 x (30+ 273.15) 
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= 10.5614 kg/m? 
Z, = 0.997635 


1,01325 x 28.9625 x 0.648731 
Po = Wog7Gas x 0831451 x (15 4273.15) 


= 0.796511 kg/m’ 


At flowing conditions, the orifice plate bore diameter and the meter tube internal diameter 


are calculated using procedures 4.3.2.1 and 4.2.2.28 and the Bratic is calculated using 
aie Calculated using procedures 4.3.2.1B aiid 4.5.2.23 aad the p ratio is calculated using 


Procedure 4.3.2.3.A. 


d = 50.8% [ 1+ 16.65 x 10°°(30- 15) | 


50,8085 
D = 102.24x [ L+11.16 x 10° (30-15) ] 


= 102,251 


50.9085 
SU,.BUSS, 


B= 102,251 
= 0.496900 


The velocity of approach factor is calculated using Procedure 4.3.2.4, 
1 


v1 ~0.496900* 


1,03195 


BE = 


The expansion factor is calculated according to Procedure 4.3.2.7A using the isentropic 
exponent value provided by Procedure 4.3.3.5. 


k = 130 
_ 49.8 
** 7600.0% 13.79 
= 3.61131 x 10° 
y. = O41 +035 x 0.496900" 
a 1.30 
= 0.331798 
Y = 1] -0.301635 x 3.61131 x 10 a 


= 0.998802 


The iteration flow factor is calculated using Procedure 4.3.2.8. The absolute viscosity is 
calculated using Procedure 4.3.3.6, 


H = 0.010268 oP 
4000 x 0.10000 x 102.251 x 0.016268 
1.03195 x 50.8085? x 0.998802 


A, = 
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: @ = UIS7855 


i, = ¥2% 10.5614 x 49.8 


= 374933 


I 


0.157835 
32,4333 


4.86645 x 10° 


Procedure 4.3.2.5 is used to calculate the orifice plate coefficient of discharge correlation 


constants, 
=k 
_ 25.4 
| © 102.251 
= 0.248408 
M, = Dea 
“3 1 — 0.496900 
= 0,987509 


0.496900* 


| Fy = (0.0433 + 0.0712 85 % 0248408 9,1 1445 ¢ 600248408 y _ UT 
1 —0.496900* 


= 1.69615 x 10° 
@ Ty = -0.0116 ( 0.987509 — 0.52 x 0.987509" ) 0.496901 


Ty = 0.0 
Cy, = 0.5961 + 0.0291 x 0.496900 0,229 x 0.496900" + 1.69615 x 10° 2.55802 x 107 
= 0.601572 


= 6.0149406 

G, = 0.021 x 0.496900" x 250% 
= 884248 x10" 

Cy, = 0.0049 x 0.496900°8 x 4.75" x 250% 
= 4.10130x 10° 


= 6.35927 x 10° 
Using Procedure 4.3.2.9 to calculate the orifice plate coefficient of discharge results in the 
following iteration history: 
Cy = 0.601572 


| G, = (0.23 x 1.69615 x 103+ 0.14 x 2.55802 x 107) 0.496900% x 4.75°8 
X = 8.03956 x10 
@ E, = 0.603738 
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9,49723 x 10" 


D, = 
SC, = -0.00216259 
CG; = 0.603735 
X = 8.06057 x 10° 
FE = 0.603734 
D, = 9.48029 x 107 
8G, = 0.0000 
C, = 0.603734 


The mass flow raie can now be caiculaied using Procedure 4.3.2.10. 


0.003600 » 3.14159 x 50,8085 


Tinase = 4 
= 18,3223 
Gm = 15.3223 x 0.998802 x 0.603734 x 32.4333 
= 1473.13 kg/hr 


The base (standard) volume flow rate is calculated using Procedure 4.3.2.2. 


= 153223 x 0.998802 x 0.603734 x 32.4333 
£2 0.796511 


1849.47 x m°/br 


ul 


4.3.4 EXAMPLE CALCULATIONS 


This section provides sample test cases that can be used to verify computer logic devel- 
oped to represent the implementation procedure. The final computed flow rates obtained 
from a computerized solution must agree with the final solutions in these example cases to 
within 50 parts per million, The values for all key parameters as well as the values for the 
intermediate terms arc provided so the cause of deviations in final results outside the 
acceptable tolerance can be resolved. A possible sousce of difference between two indepen- 
dent calculations may be input precision. A set of acceptable input precision levels is 
presented in Table 4-B-1 of Appendix 4-B. Jf computed rates continue to differ by more 
than 50 parts per million, check the deviation of the following intermediate values: 


a. Orifice diameter (d) should he within 25 ppm. 
b. Velocity of approach factor (£,) should be within 50 ppm. 
cs. Expansion factor (¥) should be within 50 ppm. 

d, Orifice coefficient (C;) should be within 50 ppm. 

e. 


. Flowing density (g,,) should be within 100 ppm. 
wy values for constants given in Table 4-5 must be used to the precision stated. The 


xaimpics are given in Table 4-6. 


4.3.4.1 Example Test Case Number 1 


Calculate the mass and volumetric flow rate for a liquid hydrocarbon stream flowing 
through a mild carbon steci two inch schedule 80 pipe with a 316 SS plaice (see Table 4-4). 
Assume the reference diameters were measured at standard conditions. Output for example 
test case number 1 is shown in Table 4-7, The input physical parameters and flowing con- 
ditions are noted with an asterisk ("). See Table 4-5 for the US, IP, metric, and ST units. 
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& Table 4-6—input Parameters for Six Example Test Gases (US, IP, Metric, and SI Units) 
oe US Units fs 
Example Test 7 A Pog. va & Pa D, aa On a AP inches of 
Case No. °F psia bff? oP init? in infin—°P in infin-°F HO at 60°R 
1 210.00 14.696 58.792 2.8250E-01 -1.0 62.366 1.93945 0.00000620 1.45311 0.00000925 110.1736 
2 0.00 14.696 58,199 1.8650B+03 1.0 56.861 798146 0.00000620 1.59374 0.00000925 8.9938 
3 8.00 200.00 20466 1.3520E-02 1.3198 116198 4.02638 0,00000620 2.60406 0.0000N925 = 56.2110 
4 0.00 200,00 2.0466 1.3520E-02 1.3198 0.116198 1.93945 0,00000620 0.19531 6,00000925 2.2484 
3 0.00 200.00 2.0466 1.35208-02 1.3198 U.170198 1.93945 UUUUUUSZUUIYD3E C.0U000925 440.0943 
6 0.00 14.696 58,199 1,8650B+03  -1.0 56.861 7.98146 0.00000620 0.79689 —-0,00000925 2.2484 
TP Unils 
BampleTst Fy AC ae te Bert 
Case No. oT psia ibmifts inf it fut E it tutt—°F -H,0 at 60°F 
1 210.00 14.696 5B.792(1.8983E-04 -1.0 62.366 0.1616208 0,00000520 0,1210925 0.00000925 110.1736 
2 0.00 14.696 SKYY L532 “LO 50.804 0.665127 O.ODKHS20 G.1328117 6.00000925 8.9938 
zI 0,00 200,00 2.0466 9.0850H-06 1.3198 0.116198 0.3355317 0.00000520 0.220050 0,00000925 54.2110 
4 0.00 200,00 2.0466 9.0850K-06 1.3198 O.L16198 01616208 0,00000020 0.0102758 0.00000925 2.2484 
5 0.00 200.00 2,0466 9.0850E-06 1.3198 0.116198 0.1616208 0,00000620 0,0162758 0.00000925 440.6943 
6 0.00 14.696 58.199 1.2532 -10 56.861 06651217 000000620 0.664075 0.00000925 2.2484 
| Metric Units 
Example Test ye Pup H & Pb Dy, Oy dy a AP 
Case No. ec tar kgéttt oP kgfar mm mmfmm—"C mms mm/mm~C__millibar 
1 1.01325 941,75 2.8250E-01  -1.0 999.01 49.262  0,.0000112 36.909 (0.000167 274.159 
2 1.01325 1.865003 1.0 = 910.83 202.729 = 0,0000112 40.481 ~——-.0000167 22,380 
a 13.7895 135208-02 13198 1.86131 102.270 0.000112 67.667 (0.0000167_ 129.877 
4 13.7895 13520E-02 13198 [86131 9.262 = 0.000112 4.061 = 0.000167 5.595 
5 13.7895 1.35208-02 1.3198 £86131 49.262 G,00NN112— «4.961 0.000167 1096.635 
| 6 1.01325 932.26 18650803 -1.0 202.729 = .0000112 20.241 0.000167 $.595 
ST Units 
Example Test 7 EB k Pe dD, ay dy Oy AP 
Case No. °K Pas kein? m m/m-K m mim-K Pa 
| 1 372.04 2.8250R-04 -10 999.01 0.000112 0.036909 274159 
2 255.37 1.8650 -i0 510.83 O.0000112 0.040481 2038.8 
3 255.37 1.3520B-05 1.3198 1.86131 0.0000112 0.067667 13987.7 
4 255.37 1.37895H406 32,783 1.3520E-05 1.3198 559.5 
5 255.37 1.37895E+06 32.783 L.3S2UE-US 1.5198 61 Os 109663.5 
6 255.37 1.01325B05 932.26 1.8650 -10 910.83 0.202729 0.02024 559.5 
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4.3.4.1 Example Test Case Number 2 


Calculate the mass and volumetric flow rate for a liquid hydrocarbon stream flowing 
through a mild carbon steel eight inch schedule 40 pipe with a 316 SS plate (see Table 4-4). 
Assume the reference diameters were measured at standard conditions. Output for example 
test case number 2 is shown in Table 4-8. The input physical parameters and flowing 
conditions are noted with an asterisk (*). See Table 4-5 for the US, JP, metric, and SI waits, 


43.4.1 Example Test Case Number 3 


Pre 


through 4 mild carbon steel four inch schedule 40 pipe with a 316 SS plate (sce Table 4-4), 
Assume the reference diameters were measured at standard conditions. Output for example 


test case number 3 is shown in Table 4-9. The input physical parameters and flowing 
able 4-5 for the US, IP, metric, and SI units 


4.3.4.1 Exampie Test Case Number 4 

Caleulate the mass and volumetric flow rate for a gas hydrocarbon stream flowing 
through a mild carbon steel two inch schedule 80 pipe with a 316 SS plate (see Table 4-4), 
Assume the reference diameters were measured at standard conditions. Output for example 


test case number 4 is shown in Table 4-10, The inpat physical parameters and flowing 
conditions are noted with an asterisk (). Suc Table 4-5 for the US, IP, metric, and SI units. 


4.3.4.1 Example Test Case Number 5 


This example calculation is the same as example 4 but with a much higher differential 
pressure. Output for example test case number 5 is shown in Table 4-11. 


4.3.4.1 Example Test Case Number 6 


This cxample calculation is the same as example 2 but with a lower differential pressure 


and a smaller orifice diameter, causing the iteration flow factor to exceed the 1000 maxi- 
ete e 


Qutpne for example test case number 6 i 


hown He 4-12 
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@ Table 4-7—Intermediate Output for Example Test Case No. 4 
Symbol US Units TP Units Metric Units ‘SI Units 
Calculate temperature corrected diameters 
*Measured pipe diameter Du 1.939450E+00 1616208201 4.926200B+01 4,926200E-02, 
*Coefficient of thermal expansion. &, 6.200000E-06 6. 200000206 1.116000E-05 1.11 6000E-05 
*Pipe ef meas iced temperature Ip 6.8G0000E+ Gi Ui 20000005101 2.931 5008102 
“Mowing fluid 7 2,100000L4+.02 2, LOQOO0E+02 9.889000B+01 3.720400E +02 
Pipe diameter D 1,941157B+00 1,617631E-01 4.930537E+01 4.930537E-UZ 
*Measured orifice diameter ay 1.453 LIOE+00- £.210925E-01 3.6909008+01 3.6909008-02 
*Pipe coefficient of thermal oxpausion a 9.250000E-06 9.250000E-06 1.665000B-05 1.665000E-05 
*Orifice diameter measurement temporature Tr. 6,800000L+01 6.8000008+401 2.000000B+01 2.931500B+02 
Orifice diameter a” 1.4550 19E+00 1.2125168-01 3.6957481+01 3.695748E-02 
Calculate diameter ratio (8) 
Orifice diameter da 1,455019E+00 1.212516E-01 3.695748B+01 3.695748E-02 
Pipe diameter za) 1.941157B+00 1.617631E-01 4.030537E+01 4.930537E-02 
Diameter ratio, 8 g 7.495624E-01 7AQS6268-01 TANSS30B 01 7.495630E-01 
Calculate C; correlation constants 
Upsivoam tap position hy 5.15 1569E-01 5.151 569Ei 
Downstream tap position Le 5.151569B-01 5.151569E-01 
Dam height My 4.114063E+00 4.114063E+00 
‘Upsiream tap term ty 1,7984361-02 1.798436E-02 
Downstream tap term. Tp -7.130031E-03 '.130033E-03 ~7,130033E43- 
Small pipe diameter correction term. Tt 6 452594B-04 6.452587E-04 “6 A52587E-04 6.452587E-C4 
Pipe diameter DB 1.941157E+00 1.617631E-01 4.930537B+01 4.930537E 02 
| Diameter ratio, 8 B 7.495624E-01 7.4935626E-01 7,495930E-01 7.495630E-01 
Conversion factor Ng 1,000000E+-00 8,333330E-02 2.540000E+01 2.54(K)00E-02, 
Correlation constant 1 Gay 6.0LE301E-OL 6.0113015-01 6.011301E-O1 6.011301E-01 
Correlatian constant 2 Ga, 1,992250B-02 1,992250E02, 1.99225 1B-02 1,992251E-02 
Cortelation constant 3 GQ, 4578563802 AS5TRS67R-09 4,378S78B.02 4578578402 
Correlation constant 4 G, 2.950376E-02 2,950579B-02 2.950S87B-02 2.950587E-02 
@ Correlation constant $ Cty —8.667194E-03 ~-8.667208E-03 —8.667252E-03 —8.667252E~03, 
Calculate velocity of approach factor 
Diameter ratio, 8 B 1,495624E-01 7.A95626E-01 749563001 7.495630E-01 
Basqaai fia 5.618438R-0i 5.6184408-01 5.618447E0i 5.618447E-01 
Praised to fourth power Bt 3,156684B-01 3.156687E-01 3.156594B-01 3.156694E 01 
Velocity of apprach feetor E: 1.208834E+00 1,208834E+00 1.208835E+00 1.208835E+00 
Calculate fluid expansion factor 
Compressible fluid switch (1 = yes) ICOMP 0 QO 0 0 
Units conversion factor Ny 2.770T0EH01 2.710700E+01 1.000000B+03 1,000000E+00 
| Diameter ratio, 8 8 7,495624E-01 7.495626E-01 7.495630E-O1 7.495630E-01 
*|seatropic exponent k ~1,000000E+00 -1LO00000E+00 -1.0000008+00, —1,0000008+00 
*Differential pressure AP 1.101736B+02 1.101736E+02, 2.741590B+02 2.741590E+04 
*Flowing pressure & 1,469600E+01 1,469600E+01 1.013250E+00 1.013250E+05 
Expansion factor Yy 1.0000008+00 .O0000E 00) 10000008 +00 LOOQOO0E 0 
| Calculate iteration flow factor 
Unit con t Ny 6.235820L-04 VT33270E AZ LOMB LOQHQOUE+G 
Pipe diameter D 1,94] 157E+00 1,617631E-01 A.G30537H+01 4,930537E-02 
Orifice diameter a 1,455019E+00 1.212516E-01 3.695748E401 3.695748E~2 
Veiocity of approach fucior Ez 1,208834E+00 1208834500 1.2088358+00 1.208835E+00 
Fluid expansion factor r 1.0000008+00 1.000000E+00 1.000000E+00 1,000000E+C0 
*Fluid viscosity B 2,825000B-01 1.898300E-04 2.825000B-01 2,825000E-04 
*Huid density Pry 5.879200E+01 5.879200E+01 9.417500B+02 9.41 7500E102 
| Differential pressure OP 11017368102, 1.101736E+02 2.741590E+02 2.741590E+04 
AP independent part of F Fg 5.344760B-O1 5,344733E-01L 3.3744340+00 3.374434E+01 
AP dependent part of F, i 1.138185B+02 1.138185 +62, T.ABS948E+02 7185948E+03 
Maximum value of Fy Th hia 1.000000E+03 1,000000E+03 1.000000E+03 1,000000E+03 
Iteration flow factor EK 4 695870B03 4,.695838E03 4695879803 AGOS8T9E-03 
Calcalate the orifice coefficient 
Keration flow factor f 4,695870E-03 4.G9583RE03 4.695879103 46058 79E 03 
Conelation constant | Cty 6. O11301E-01 6.011301E-01 6.011301B-01 6.011301E-M1 
Correlation constant 2 Gr, 1.992250B-02 1,992250E-02 1,992251E-02 1,992251E-02 
Conelation constant 3 Ca, 4,578563B-02 4,578567B02 4,578978E-O2 A S785 T8E~O2, 
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Table 4-7—Intermediate Output for Example Test Case No. 1 (continued) 
Symbol US Units IP Units Metric Units SI Units 

Correlation constant 4 Cs 2.9505768 02 2.950579R 402, 2.99058 7E0Z 2.9038 7EA2 
Correlation constant 5 Q, -8.667194E-03 +8.667208L-03 ~8.667252E-03 —8.667252E03 
tnitiai orifice coefficient a 6.011301 B-Oi 6.G11301B-6i G.O0USGIEOL 6.G1FOIE-Gi 
Convergence flag (counter) IcD Q 0 0 0 

Calculate the orifice coefficient 
Reduced reciprocal Reynolds no, 7,811737E-03 7.811684E-03 7.811751E-03 781175 LE-03, 
Term raised to power of .35 ase 1,830045E-01 1.8300402-0! 1,830046E-O1 1,830046B-Of 
Torm raised to power of 80 XO80 2.061570E-02 2,061559E-02, 2,061573E-02 2,061373E02 
Caloulated orifice coofficient Fi 61010898 O1 6.£01089R 0) G.1OL0S9E OF 6.101089 Ot 
Derivative of orifice coefficient resid dD, 3.384 7635E-03 3.384758E-03 3,384777E-03 3,.384777E-03 
Change in (for an iteration aC) —8.928556E-03 -8.928540E-03 -8,928588E-~03 -8.928588E-03 
Calculated orifice coefficient fay 6. 100587E-O1 6, L00586F-01 6,100586E-O1 6,100586E-OE 
Convergence flag (counter) icp 1 i 1 1 

Calculate the orifice coefficient 
Reduced reciprocal Reynolds ie, x TSSTA2E AS 
Term raised to power of .35 035 1.820626E-01 
‘Term raised to power of 80 Roa 02 
Caiculated orifice coefficient F, EGE 
Derivative of orifice coefficient resid dD, 3,364399E-03 3,364392E-03 3.364410£-03 3.3644 108-03 
Change in ¢, for an iteration by 5,17 160SE-07 -5,171575E-07 5.171 659E-07 ~5.171659E-07 
Catoulated orifice coefficient G 6.100592E-01 6.100591E-1 6.100592E-OL 6,100592E-OE 
Convergence flag (counter) Icp 2 2 2 2 

Calculate the mass flow rate 
Unit conversion constant XN 3.232790E302 4,655210L+04 3.6000002-02, 1.000000E+00 
B flo E 1.208834R200 1.208834P4.00 12088357400 1.208835R.00 
Orifice diameter a 1,455019E+00 1.242516E-01 3.695748E+01 3,6935748B-02 
Phuid expansion factor ¥ 1,000000E+00 1.000000E+00 1L.Q00000E+00. 1,000000E+00 

Pi, 5,879200Es01 S5.879200E +01 DALTSOOE 2 QALTSOOEO2 

Differential pressure ar 1.101736E+02 1.101736E+02 2.741590E+02 2. TALS9OE+04 
Converged orifice cocfficient Ga 6.100592E-01 6.100591E-0| 6.100592E-01 6,100592E-01 
Intermediate mass fiow fac:or Fross 6.497867E402 6.497858E402 4,668354E401 1.296765R03 
Universal constant, a 3.141590E+00 3,141590E+00 3.141590E+00 3.141 590E+00 
Mass flow rate Qn 4,511861E+04 4,511854E+04 2.046538E+04 5.684827E+00 

Calculate the volumetric flow rats 
Unit conversion constant N, 3.232700E+02, 4.6552.10B+04 3.600000E-02, 1,0000E+00- 
Entrance flow factor E 1,208834E+00 1,208834E+00 1.208835E+00. 1,208835E+00 
Orifice diameter d 1. ASS5019E4.00 1.2125 16B-01 3.695748E+01 3.6957T48E-02 
Fluid expansion factor ¥ 1.000000E+00 L.QGOODUEH0 1,000600E+00 1,000000E+00 
Fluid density Pt, 5.879200E+01 5.879200E+01 9.417500E402 9.417500E+02 
Differential pressure ap 1101 736H+02 PON S6R EO? 2.741 5908402 2.741590E+04 
Converged orifice coefficient Gq 6.100592E-01 6.10059 EE-0. 6,100592E-01 6,100592E-01 
*Fluid density at base conditions Pb 6.2366006+401 6.236600E+B! 9.990100E+02, 9.990100E+02 
Tniermediaie mass flow facior Fase GAITSOTEADZ OAITBS8LOL 40083541401 1,296765E-03 
Universal constant, # fd 3.141590B+00 3,141590E+00 3,141590E+00, 3.141590B+00 
Volumetric flaw tate Q, 7.234488E402 T2344 7 TEA 2048566401 5.690461E-03 
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| SECTION S—CONCENTRIC, SQUARE-EDGED OFIFICE METERS, PART 4—BACKGROUND. 53 
| & Table 4-8—Intermediate Output for Example Teet Case No. 2 
Symboi US Units iP Unite Meiric Units ST Units 
| Calculate temperature corrected diameters 
*Me d pipe diameter Dry “LOB L46UKHK) 6.651217E01 2.0127200R+02 2.027200E-O1 
| *Coefficient of thermal expansion Gy 6.200000E-06 6.200000E-06 1.116000R-05 1.116000E-05 
*Pipe diameter measurement temperature Te 6.800000E+01 6.800000E+01 2,000000B+01 2,931500E1+02 
*Flowing fluid F O.CO0000E +00 0.000000E+00 ~LT78000E+01 2,553700E+02 
Pipe diameter D 7,978095E+00 6.648413E-01 2.026435E102 2.026435E-01 
*Measured orifice diameter dy, L5937408+00 1.32811 7E-. 4.048 100E+01 4.048 100B-02 
*Pipe cocificient of thermal expansion ay 9.250000E-06 9,250000E-06 1.665000B-05 1.665000E-05 
*Orifice diameter measurement temperature Ts, €.800000E+01 6,800000B+01 2.000000E+01 2,93 1500E+02 
Orifice diameter a 1,592738R400 1,3272828-0t 40453548401 4,045554B-02 
Caleulate diameter ratio (5) 
Orifice diameter d LS92738E+00 1,3272828-01 4.095554E401 4.045554E-02 
Pipe diameter dD 7.978095E+00 6.6484 13E-O1 2.026435E+02 2.026435E-01 
Diameter ratio, B 1.996388E-01 1,996389E-01 1,996389B-01 1.996389E-O1 
Calculate Cy correlation constants 
Upstream tap position Ly £.252432E-01 1253431 E-O1L 1.253433E-01 1.253433E-01 
Downstream tap position Ly 1.253432B-01 1.253431E-01 1,253433E-01 1.253433E-OL 
| Dam height My 3.132166B-01 3.132165E-O1 3,132168B-01 3.132168E-O1L 
‘Upstream tap term Ty 2.205076B-05 2.205076E-05 2.20508 18-05 2.205081E-05 
Downstream tap term, Ih -3.907720E-04 —3.907719E-04 —3,907724E-4 —3.907724E-04 
Small pipe diameter correction term Ts 0.C00000E+00 0,000000E+00 0,000000E+00. 0.0000006+00. 
Pipe diameter D 7. 664841301 2.026435R402 2.026435 OL 
| Diameter ratio, 8 A 1,996388B-01 1.996389B-01 1,996389E-01 1.996389E-Ot 
Conversion factor Na 1.0000008+00 8.333330B 12, 2.540000E+01 2.540000E-02 
Cay S.S6890SE 01 S.268905E-O1 S.968905E01 5.968505F-0t 
Correlation constant 2 fe, 7,891325E-03 7.891326B-03 7.891328E-03 7.891328E-03 
Correlation constant 3 Gy 2.303077B-04 2.303979E-04 2,303981E-04 2.303081E-04 
Ci n Consiarit + Gs, 3.15235i2-05 3.132356 05 53.1523048-05 3.132304E-05 
| & Correlation constant 5 Ca, 4.1571 948-05 4,757 1945-05 4.757200E-05 4.737200E-05 
~ Calculate velocity of approach factor 
Diameter ratio, 8 B 1.996388E-01 1,996389E-01 1.996389E-O1 1,996389E-O1 
| squared p2 3.985566B-02 3.985568E-02, 3.985570E-02 3.985570B-02 
Braised to fourth power pt 1.5884746-03 L.588475E-03 1,588477E-03 1.588477E-03 
Velocity of approach factor E 1.000795E+00 1.000795E+00 1.000795E+00 1.Q00795E+00 
Calculate fluid expansion factor 
*Compressible fluid switch (1 = yes) TCOMP. ty) 0 0 ie] 
i ctor N3 2,7707008201 2.770700E+01 1.000008 +03 1,008000800 
| Diameter ratio, 8 Bp 1,996388E-01 1.996389E-O1 1,996389E-01 1,996389E-O1L 
*Tsentropic exponent & -1.000000E+00 ~1.000000E+00 —1.000000E+00 —1.000000E+00 
ar 8,9938008+00 S.9S3800E+100 2.2380KE10) 22380008403 
¥Flowing pressure ra 14696008101 1.469600E+01 1,013250E+00 1.013250E+05 
Fpension factor y 1.C00000E+00 1,000000E+00 1.000000E+00 1.000000E+00 
Calculate iteration flow factor 
Unit conversion constant Ny €.235820E-04 7.733270E-02 1,000000E-01 T.O0000E+00, 
Pipe diameter D F.87809SE+00 6,648413E-01 2.026435B+02 2,026435E-O1 
| Orifice diameter ad 1,592738E+00 1,327282E-O1 4,045354B+01 4.045554E-02 
Velocity of approach factor E 1.00079SE+00 1.000795E+00 1,000795B+00 1.000795EH) 
Fluid expansion factor a 1.CO0000E+00 L.000000E+00 1.000000E400 1.000000E+00 
*Fluid viscosity u 1.8650006+03 1L.253200E+00 1.865000B+03 1,865000E+00 
#1nid density Pap 5. 81000004 S.2100008101 0,293600H102 9.2296008.102, 
Differential pressure AP 8.993800E+00 8.993800E+00 2,238000E+01 2.238000E+03 
AP independent part of #, A, 1.461834E404 1.461807E+04 9,229335B+04 9.229335E+05 
A’ dependent part of 77 i B.2355 22801 2042742002 2.042 7428403 
Maximum value of F; i, ie 1,CQ0000E+03 c 1.000000E+03, 1.Q00000E+03 
eration flow factor Fr 45180778102 4.517996E+02 4.51811 1B 402 4.518111 E402 
Calculate the orifice coefficient 
Iteration flow factor A 5 1807 7E+02 4.S1T99GE+02, 45181116 +02 4.518111 E+02 
Gt, 5.568905E-01 5.968905E-01 5,968905E-01 5.968905E-O1 
Ga, 7.891325E-03 7.891326E-03 7,891328E-03, 7.89 1328E-03, 
Gy 2.303977B-04 2.303979B-04 2.30398 IE-04 2.30398 LE-04 
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Table 4-O—Intermediate Output for Example Test Case No. 2 (continued) 


Calontate. the. a1 


Term rai 


Tenn 


Cal 


Orifice diameter 


Fluid density 


Mass flow rate 
Colovlate the volun 


Orifice diameter 


Fluid density 


Symbol US Units IP Units Metric Units ‘SI Units 
Correlation constant 4 Ce, 5.152351E-05 5.152356E-05 5.152364E-05 5.152364E-05 
Correiation constant 3 Gr, 4,757 i94E-05 4,.757194B-05 4,757200E-05, 4.757 200E-05 
Initial orifice coefficient Gq 5.968905E-01 5.968905E-0! 5.968905E-Of 5.968905E-01 
Convergence flag (counter) Icp 14} 0 0 0 
Calculate the orifice coefficient 
Reduced reciprocal Reynolds no. x 7.569356E+02 7,569220E+02 7.569413E+02 75694138402 
Term raised to power of .35 O35 1.017819E+01 1.0178 130+01 1.017822E+0! 1.017822E+01 
Term raised to power of .80 X080 2.010236E402 2.010208E +02 2.010249E+02 2.010249 +02 
Caleutated orifice coefficient R 1.469806E400 1.469885E+00 1.469901 E400 1.469901E+00 
PD. 6,159067E-O1 6. 152990B_-O! 6,159 103E-OT 6,159103R-01 
Change in G for an iteration 5Cy ~4,296585E-01 ~4,296559H_01 -4,296597E-O1 -4.296597E-01 
Calculated orifice coetficient da LUZ6349E400, L.O2Z6346E-400 L.026230E-400 1.0263 0E+00 
Convergence flag (counter) IcD 1 1 i 1 
Calculate the orifice ceeflicient 
Reduced reciprocal Reynoids no. x 4a 44011 61B+02 44012568402 
‘Term raised to power of 35 035 8.418813E+00 84187685100 8.418832E+00 8.418832E+00 
Term raised to power of .80 x80 1,302744E402 1,302728E+02 1,302751E+02 1.30275 1E+02 
Calculated orifice coefficient F, 1.192493E+400- 1,1924866-00 L.192496E+400 1.192496E+00 
Derivative of orifice coefficient resid dD. 4,£98112E-O1 4,198067E-01 4,198 133E-O1 4,198133E-01 
Change in C, for an iteration Cy —-1.177779E-01 -1.177755E-01 -1.177790E-O1 -1.177790E-01 
Calculated orifice coefficient Ga 1.£44327E+00 1,144322E+00 1,144329E+00- 1,1443298+00 
Convergence flag (co Icp 2 2 2 2 
Reduced reciprocal Reynolds no. xX 3.948239E4+02 3.9481 86E+02 3.948261E+02 3.94826 1E+02 
d to power of .35 xo3s 8.104780E+400 8.104741B400 81047958400 8.104795E400 
‘Term raised to power of 86 xosn 11943268302 11943131402 1.19433 1482 119433 18402 
Calculated orifice coefficient K 1,148601E+00 1.148596B+00 1,1486048+00- 1.148604B+00 
Derivative of orifice coefficient resid Dd 3.887946E-O1 3.887909B-01 3.887963E-01 3.887963E-01 
Change in Cy for an iteration 6G; 3.19641 0E-03 -3.19027903 190479E-03 ~3.190479B-03 
Calculated orifice coefficient G 1.147517E+00 L.147$12B+00 .147520E+00 1.147520B1+00 
Convergence flag (counter) [cD 3 3 3 3 
Calculate the orifice coeflicient 
Reduced reciprocal Reynolds no. 3.937202E402, 3.9S7209EH02 3.937284EHI2 3.937284E402 
edd Lo power of .35 xoss 8,096886B+00 8,096848B+00 8,096901E+00 8,096901B+00 
Term raised to power of 80 0.80 1.191669E+02, 1,191656E402 1,191674E+02 £,191674E +02 
Calculated orlfice coefficient ‘a 1.147520E+00- 1.1475 15F+00 1.147522E+00 1.147522E+00 
Derivative of orifice coellicient resid dD 3,880304E-O1 3.880268E-01 3,880321E-01 3,880321E01 
Change in G for an iteration SG ~1,922336E-06 1,922173E-06 =1,922411E-05 ~1,922411B-06 
G 1147519400 114751 4E.U0 1,1475220400 11475221400 
Convergence flag (eountes) IcD 4 4 4 4 
Calculate the mass flow cate 
‘Unit conversion constant N 3.232790E+02 4.65521 0E+04 3.600000E_02 1.000000E100 
Entrance flow factor E L000795E+00 1.000795E+00 ii 000795E+00, 1.009795E+00 
ad 1.592738E400 1327282601 4.0455546-02 
Fluid expansion factar Y 1.01100008+00, 1.000000E+00 L.OOKHO0R +100, 
Pip 5,819900B+01 5,819900E+01 9.322600E+02 9,322600E+02 
Differential pressure AP 8,093800E400 8.99380UB+00. 2.2348000E+01 2.238000E403 
Converged orifice cocflicient cor 1,147519E+00 1,147514E+00 1.147522E+00 11475226400 
Intermediate mass flow factor Fuass 6.446 154E+02, 6.446146B+02 4.631196E+0L 1.286443B-03 
Universal constant, z U7 3.141590E+00 3,141590B+00 3.E41590E+00 3.141590EH00 
Qn 2.393343E+04 2.393330E+04 1.085594E+04 3.015540E100 
trie flow rate 
Unit conversten constant N, 3.232790B+02 4.655210L+04 3.6000001-02, LOQOCC0E+00 
Entrance flow factor Eg 1.000795E+00 1,00079SE+-00 1,000795E+00 1,000795E00 
a LSO2738 EHD 3272826 01 AQASSS4EAOL AQASSSAE 02 
Fluid expansion factor ¥ 1.000000E+00 1,000000E+00 1,000000E+00 1,000000E+00 
Pap 3.819900E+401 5.819900E+01 9.322600E+02 9.322600E+02 
Differential pressure AP 8.993800E100 8.993800E+00 2,238000E+01 2.238000E+03 
Converged orifice coefficient G 1.147519E+00 1.1475 14E+00 1.147522E+00 1.147522E+00 
*Fluid density at base conditions Pe 5.686100E+01 5.686100E+01 
Intermediate mass flow factor Byass 6.446154E102 6.44614 
Universal constant, 7 x 3.141590E+00 3.14 1590BHt 3.141590E+00 3.4 15908400 
Volumetric flow rate 2, 4.209112E+02 4,209089B+02 LASIS74E+01 3,310760E-03 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 55 
Table 4-9—Intermediate Output for Example Test Case Nu. 3 
Symbol ‘US Units TP Units Metric Units ST Units 
Calculate temperature corrected diameters 
*Measured pipe diameter Du 40263806400 3.3553 17E-01 1.022700E+02, 1.022700E-01 
*Ccefficient of thermal expansion oy 6.2000008-06 6.200000B-06 LL L6600F-05 1.116000E-05 
*Pipe dicmeter measurement temperature Thy 6 ROODNOR 6, 200000R+01 2.000000R401 2.931500R+02 
*Flowing fluid G 0.0000002+00 0.000000E+00 —1.778000E+01 2.553700E+02, 
Pipe diameter D 4.024682E+00 3.353902B-01 1.022269E+02 1.022269R-01 
*Measured orifice diameter dy 2.664060F100 2.2200S50F-O1 6.766 700101 6.766700E62 
*Pipe coefficient of thermal expansion Mh 9.2500KKT 14 9.250000 16 1.645000R-05 1.6650008-65 
*Orifice diameter measurement temperature ts, 6,8000002401 6.800000E+01 2.000000B+0L 2.931500E+02 
Orifice diameter a 2.6623845400 ‘2.218654E-01 6.762443R40i 6.7624438-02 
Calculate diameter ratio (2) 
Orifice diameter d 2.002384 40) 2.2186546-01 6.762443 E401 6.162443E 12 
Pipe diameter D 4,024682E+00 3.353902E-01 1.022269E+02 1.022269E-01 
Diameter ratio, 8 B 6.615141E-O1 6.615141E-O1 6.615132E-0L 6.615132E01 
Calculate C; correlation constants 
Upstream tap position Ly 2.484668E-01 2.484607E4)1 2484069H-O1 2484 ff9F-01 
Downstream tap position Ly 2,484668E-OL 2,4846670-01 2.484669L-01 2.484669E401 
Dam height My L468 107E+00 1.468106E+00 1.468 104E+00 1.468104E+00 
Upstream tap tere T% 6489049103 6.1890414B-03 S.1890118-03 6.189011 03 
Downstream tap term Tp —4,502333E-03 ~4,502336B-03 ~4,502326E--03 ~-4,502326E-03 
Small pipe diameter correction term Ts 0,000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 
Pipe diameter BD 40246820400 3.353902E-O1 1.022269E+02 1.022269E-01 
Diameter ratio, 8 B 6.61L514LE-O1 6.615141E-01 6.615 132-01 6.615132H-Ot 
Conversion factor Ng L.OOQG00E 100 5 2.540000E+01 2,540000E-02 
Coneiation constant i Cay 6.0212340-01 6,021234E01 6,021235E- 01 6.0212354-01 
Correlation constant 2 (on A 1.82539 [E-O2 1,825390B-02 1,825389E-02 1,.825389B-02 
Correlation constant 3 Cts 2,777503E-O2, 2,777502B-02 2.777488E-02 2.7TFABRE-02 
Correlation constant 4 Gy 1619635702 1,619634E-02, 1.619625E-02 1.619625B-02 
Correlation constant 5 Cry 1.982181 E-03 —!.982179F-03 —1.982161E-03 —1.982161E-03 
Calculate velocity of approach factor 
Diameter ratio, 8 B 6.6151412-01 6.61514 IDL 6,615 132E-O1 6.615 132E-01 
Bsquared fia 4.976009F-01 4.4 76009R 1 4.375998E-01 4.275998R-01 
Braised to fourth power Bt 1.914946E-O1 1.914945R_01 1,914936E-01 1.914936E-01 
Yelocity of approach factor E £.112138E+00 1.112138E+00 1,112137B+00 1.112137E+00 
Calcutate fluid expansion factor 
*Compressible fluid switch (1 = yes) ICOMP t a 
Ulilis conversion factor Ny 27767004601 LT +01 i 
Diameter ratio, 8 8 6.615141E-01 6.615141E-01 6. 615132E-O1 6.615132E-01 
*Iscntropic exponent kK 1.319800B+00 1.319800E+00 1,319800E+00 1.319800E+00 
*Differential pressure AP 5.62 1100B401 5.6211 00401 1.398770B+02 1,398770E+04 
*Flowing pressure ig 2.Q000000E+02 2.000000E+02 1.378950E+01 1,378950E+06 
Expansion factor % 3.614359E-01 3,614359E-01 3.614356E-OL 3.614356E-01 
Pressure independent term R 1.014383E-02, 1.014383E-02 1.014373E-02 1.014373E-02 
Pressure ratio Be 4.376009E-O1 4.376009E-01 4.375998E-0f 4.375998E4)1 
Expansion factor Yy 9.963337E~-O1 9.963337B-01 9.9633378 OF 9.963337E-O1 
Calculate iteration flow factor 
Unit conversion constant N; 6.2358208-04 1733270802 1.000000E-01 1,000000E+00 
D 4.024682E+00 3.353902B-01 1.0222698+02 1.022269E-01 
d 2.662384E+00 2.2186546-O01 6.7624438401 6.76244 
a LALZiS8B+00 Lii2t3éb+00 ViiZiS7TE+O i. 0G 
Fluid. expansion on factor y 9.963337E-OL 9,963337E-01 9,963337E-01 9,963337E-01 
*Fluid viscosity i 9.085000E-06 1,352000E-02, 1.352000E-05 
*Piuid density Pap 3 M6600L400 B.278300K1U1 3.278300E101 
Differential pressure AP 5.621 100+01 5.621100E+01 1.3987706+02 1.398770E+04 
AP independent part of Fj- fi, 1.728053E-02 1,7280350E-02 1.091017B-01 1.09101 7E+00 
AP dependent part of Fy 7 1.516848E+401 1.516848E401 9.576625E+01 9.576625E+02 
Maxirnum value of ¥ i, iG 1.000000E+03 1,QQ0000E+03 1.G00000B+03 1.000000E+03 
Iteration flow factor i. 1139239803 1,139237E-03 1,139250E-03 1,139250E-03 
Calculate the arifice ecefficient 
Iteration flow factor Fy 1,439239K-03 1.139237E-03 1.139250E-03 1,1392S0E-~03 
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CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-9-—Intermediate OQuipul for Exainple Test Gase Nu. 3 (continued) 


Symbol ‘US Units IP Units Metric Units SI Unis 

Correlation constant 1 Gh 6,021254F-01 6.021234E-01 6.021235H-01 6,021235B-OL 
Correlation constant 2 Cy, 1.825391K U2 1.825390E-02 1,$253898-02 1.8253895-02 
Correlation constant 3 Gy 2.7RH3EA2 2,.7FTSQQE-02 2.777488E 02 2.777488E-02 
Correlation constant 4 Gs, 1,619635E-02 1.619634E-02 1.619625E-02 1.619625E-02 
Correluiion constant 5 Cy ~1,982181E-03 1,982.1 79E-03 -1.982161E-03 1.982161 E-03 
Initial orifice coefficient G 6.021234E-01 6,021234E-01 6,021235E-01 6.021235E-O1 
Convergence flag (counter) IcD 0 0 0 0 

Calculate the orifice cosfficient 
Reditced reci yaolds no, x igo2o3GE-03 1,8920328-03 1.892053E-03 1,892053E-03 
Term raised lo power of 35 0:35 1.114103E-01 1.114102E-61 1.114106E-01 1,114 106E-01 
Term raised to power of .80 uso 6.630458B-03 6.630447 E03 6.0309 00E-U3 G,030D00E-03 
Calculated orifice coefficient E, 6.054432E-01 6,054432B-O1 6.054433E-01 6.054433E-01 
Derivative of orifice coellicient resid D, 244894E-03 1.244892B-03 1244892803 1,2448928-03 
Change in C, for an iteration 5G; 312968E-03 ~3,312964E-03 -3,312963E-05 -3.312963E-03 
Calculated orifice coefficient G 6,054364L-01 6.054364E-O1 6.054360 01 6.054364E01 
Convergence flag (counter) IcD 1 1 1 1 

Calculnte the orifice coefficient 
Reduced reciprocal Reynolds no, 1,881683E-03 1.881679E-03 1.881700E-03 1.881700E-03 
‘Term raised to power uf 35 xos 1.111965E-01 1.111965E-O1 1,111969B-01 1.1119692O1 
‘Term raised to power of 80 x080 6.601416E-03 6,601406E-03 6.60 1465-03 6,60146SE-03 
Calculated orifice coefficient E, 6,054364E-01 6.054364E-01 6.054364E-01 
ie D, 167 1.242 166E-03 1.242166R-03 1.242. 186R-03 
Change in C; for an iteration 5G; 620428E-08 -2.620419E-08 ~2,.620417E-08 2.62041 7E-08 
Calculated orifice coefficient G 6.054364E 01 605436401 6.054364E-01 6.054364E-01 
Convergence fiag (counter) ICD 2 2 2 2 

Calculate the mass flow rate 
Unit conversion constant Ny 3.232 79UEHOZ 4.0952 LUEA04 3.600000E-02 1.000000B+00 
Entrance flow factor E 1.112138E+00 1,112138E+00 11121371400 1,112137E+00 
Orifice diameter d 2.662384E+.00 2.218654E-O1 6.762443E+01 6.762443E-02 
Fluid expansion factor ¥ 9963337201 9,963337E-01 9.963337E-O1 9.963337E-OL 
Fluid density Php 2.046600E+00 2,046600E+00 3.278300E+01 3.278300E+0L 
Differential pressure AP 5,621100E+01 5,621 100801 1398770402 13987708404 
Converged orifice coefficient Gi 6,054364E-01 6,054364E-01 6.054364E-O1 6,054364E-O1 
Intermediate mess flow factor Fnass 2.001553EH03 2.001 549E103 1.437996E402 3,994432B-03 
Universal constant, 7 = 31415902400 3.141590F400 3.141590E4+00 3,141590E400 
Mass flow rate On 1,831397B+04 1.831394B+04 8.306985E+03 2.307496E+00 

Cale 
Unit conversion constant Ny 3.232 790L+02 4,655210E +04 3.600000E-02 1,000C00E+00 
Entrance flow factor E 11121380400 1,112138B+00 1,112137R+00 1.112137B+00 
Orilice diameter a 2,662384E1.00 2.218654B 01 6,762443E01 6.7o2dsane: 
Fluid expansion factor Y 9.963337E-01 9,963337E-01 9.963337E01 9.963337E-01 
Fluid density Prep 2.046600E+00 2.046600E+00 3.278300E+01 3.2783008401 
Differential pressure AP 5,621 1000401 5.624 100F401 1.398 770E+02 1.398770E+04 
Converged orifice coefficient [on 6.054364E-01 6.054364E-01 6.054364E-01 6.054364E-01 
*Fluid density at base. conditions Ps 1.161980E-01 1,161980E-01 1.8613 L0E+00 1,861310E+00 
Intermediate mess flow factor Fass 2,001553E403 2.001549E+03 1.437996E+02 3,994432E-03 
Universal constant, 7 x 3.141590E+00 3.141 590E+00 31415901400 3,141590E+00 
Volumetric flow r Q, 1.576100E+05 1.576098E+05 4,462978E+03 1.23971 6E+00 
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| API MPMS#L4.9.4 92 MM 073290 G50b545 416 
| SECTION 3--CONCENTAIC, SQUARE-EDGED ORIFICE METERS, PART 4—~BACKGROUND 57 
| & Tabla 4-10—Intarmadiate Guiput far Example Test Case No. 4 
Symbol US Units EP Duiis Meiric Units Si Units 
| Calculate temperature corceted diameters 
*jvieasured pipe diameter Dy 1.9394350E+00 L.616208E-01 L.616208E4i 4.926200B402 
*Coofficient of thermal expansion Oy 6.200000E-06 6.200000E-06 6,200000E-06, 1.116000E-05 
*Pipe diameter measurement temperature Tip 6. 200000801 6,800000E+01 6.800000E+01 2,931500E+02 
*Flowing fluid ia 0.0000002+00 0,000000E+00 0.000000B+00 2.553700E+02 
Pipe diameter D 19386328100 L.615527E-01 1.615527B-01 4.924123E-02 
*Measured orifice diameter ny 1.9531002-01 1.627580E-02 1.627580E-02 4,96 1000E-03 
*Pips cosfficient of thermal expansion Ob 9,2500008-06 9.250000E-06 3.250000E-06 1.665000E-05 
*Orilice diameter measurement temperature t, 6.800000BH01 6.800000E+01 6.800000E+01 2.931500B+02 
Orifice diameter d 1.951872E-01 1.626556E-02 1.626556B-02, 4.957879E 3 
Calculate diameter rado (9) 
Orifice diameter d 1.951872B-01 1,626556E-02 1.626556E-02 4.957879E-O3 
Pipe diameter D L938632E+00 L,615527E-01 1.615527E-01 4.924123B-02 
Diameter ratio, B B 1.006829E-01 1,006827E-01 1.006827E-01 1.006855E-O1 
Calculate G; correlation constants 
Upstrearn tap position Ly 5, 158276201 5.158275E-01 3.158275E-01 5.188279E-GL 
Downstream tap position ay 5.158276B-01 5.E58275E-01 5.158275E-01 5.158279E-OF 
Dam height Ma, 1.147154B+00 L.1L47153E+00 1.147153E+00 1.147158E+00 
Upstream tap term Te 4.008413F-06 4.008383E-05 4.008383E-06 4.0088306-06 
Downstreain tap term. Th —4.878946B-04 —4,878935E-04 —4,878935E-04 —4.879096E-O4- 
Small pipe diameter correction term Tt 2.3239288-03 2.323927E-03 2.323927E-03 2.323925E-03 
Pipe diameter D 1.938632F+0) 1.615527R-t 1.615527F01 4974173892 
| Diameter ratio, £ B 1.006829E-01 1.006827E-01 1,006827E-01 1.006855E-01 
Conversion factor Ng T.000000F00 8.333330R 02 2.540000E-02 
Gig OST SOR-OF S.982350E-01 3.282350E-OL 
Correlation constant 2 G, 4,8870585-03 4.88705 1E-03 4.887 147E-03 
Correlation constant 3 Gs, 1.490463E-05 1.490452E-05, 1.490452E~05 1.490618E-05 
- Coir Cas LS2760LE06, L927584E-06 L.927584E-06 1.927841B-O6 
| & Correlation constant 5 Gu 3.734835E-05 3.734822E-05 3.734822B-05 3.735025E-05 
7 Caicuiate veiocity of approach factor 
Diameter ratio, B 1,006829E-01 1006827201 1.006827E-01 1.W06855E-O1 
Asquared fig 1,.013705B-02 LOIS7OIE-02 1,013701B-02 L.O13758B-02 
Braised lo fourth power be 1.027598E-04 1,027590E-04 1.027590E-04 1.027704B-O4 
Velocity of approach factor E 1.60005 1B+00 1.000051£+00. 1.000051E+00 1.0000312+00 
Calculate fluid expansion factor 
*Compressible fluid switch (1 = yes) ICOMP 1 1 L 
‘Unls conversion factor Ny 2.7TIQTOORLOL i 2/0 OURHOL L.W0000E 400 
Diameter ratio, 8 B 1.006829E-01 1,006827E-01 1,006827E-01 1.006855E-01 
*Isentropie exponent k 1:319800E+00 1,319800£+00 1.319800R4+00 1.319800B+400 
AP 2.248400F 100 2,248400P 200 2.2484008+80 5.5950002402 
F 2,000000B+02 2.,0000008.402 * 2.000008 +02 1.378950B+06 
Expansion factor %, 3.106804E-01 106804F-01 3.106804E-O1 
Pressure independent ierm K 4057458E 04 AS8E-~O4 4,057458E-04 4.0: EH 
Pressure ratio Bp 1.013705E-02 LOL3S7O1E-02 1.013701B-02, 1.013758B-02 
Expansion factor ¥ 9,998739E-O1 9.998739E-O1 9.998739E-01 9.998739E-O1 
Calculate iteration flow factor 
Unit conversion constant Ng 6.235820E-04 7,733270E 02 7.7332 70E-02 L.000000E+00 
Pipe diameter D 1.938632E+0) 1,615527E-01 1.615527E-01 4.924123E-02 
Orifice diameter d 1.951872E-04 1.626556E-02, 1.626556B-02 4,957879E-03 
‘Velocity of approach factor E 1.000051 R401 100s Ram 7.00005 1F460, 1.005 1R400 
Fluid expansion factor iY, 9.998739E-O1 9,998739E-O1 9.998739E-01 9,998739B-O1 
*Fluid viscosity K 1.352000E-02 9.085000E-06 9,0850008-06 1.352000E-05 
“Fluid density Pip 2.0466008+00 2.046600E100 2.0466008 100 B.27830E01 
Differential pressure AP 2.248400B+00 2,248400E+00 2.248400E+00 5.595000B+02 
AP independent part of F i, 1.716152E4X) 1.716155E+00 1.716145F+00 1.083443E+02 
AP dependent part of Ff & 3.033670B+00 3.033670E400 3.033070E+00 1.915311B+02 
Maximum value of F; Fy, tne 1.000000B+03 1,000000E+03 1.0000008403 1.0000008+03 
Tteration flow factor FF 5.657016E Of 5.657026E-01 5.657026E-01 5.656746E-O1 
Calculate the orifice coefficient 
Iteration flow factor P77 5.657016E-OL 5,657026E-)1 5.657026E-01 5.656746E-O1 
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CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-10—Intermediate Output for Example Test Case No. 4 (continued) 


Meirte Unis 


Units 


Symboi US Units IE Units 

Correlation constant 1 Q 5.982350E-01 5.982350E-01 5.982350E-O1 5.982350E-01 
Correlation constant 2 Gy ASSTOSSE 02 4.887051B 03 A,887051E-03 4887 1476-03 
Correlation constant 3 Q, 1.490463E-05 1.490452F-05 1.490452K-05 1.4906 186-05 
Correlation constant 4 Gy 1.92T601E-06 1,927584B-06 1,927584E-06 1,927841B-06 
Correlation constant cy S35E-05 3.7348228-05 3. 3.735023B-05 
Initial orifice coefficient Gi 5,982350E-01 5.9823501-01 5 .982350E-Ol 5.982350E-01 

Convergence flag (counter) IcD 0 0 0 

Caleulate the orifice coefficient 

Reduced reciprocal Reynolds no. 9.456177E-O1 9.456194E-01 9,456194E-O1 9.455726E-0 
Term maistal lo power of 35 035 9,806 193E-01 9,806200L-01 9,806200E-OL 9,806030E-01 
Tei iuised tu puwer uf .80 ne, 9.562522E-01 9,562536L-01 9,S62526E-O1 9,562158E-O1 
Caleulated orifice coefficient FE 6.029866R-0T 6.029866T- 6.0298668, OL 6.029366H-01 
Derlvative of orifice ‘coefilckent resid dD, 3.32539 1E-03, 3.325391B-03 3.325391 E03 3.325342B-03 
t i 5Cy - 4.725336E-03 -4,725335B-03 4725335803 ~4,725267E-03 
&y 6.029604E-01 $.0206048 (0! 6,029604E-Of 6,029603B-O1 

Convergence Mag (counter) IcD 1 1 1 1 


Caiculae the orifice coefficient 


Reduced reciprocal Reynolds ne. 


Term raised to power of 35 
Term raised to power of .80 
Calculated orifice coefficient 


Derivative of orifice coefficient resid 


Change in G) for an iteration 


Calculated orifice coefficient 
Convergence flag (counter) 


Calculate the mass flow rate 


econane 


Entrance flow factor 

Orifice diameter 

Fluid expansion factor 

Fluid deasity 

Differential pressure 
Converged orifice cocfiiciont 
Intermediate mass flow factor 
Universal constant, 7 

Mass flow rate 


Calculate the volumetic fluw rate 
Unit conversion constant 
Entrance flow factor 


Fluid expansi mn factor 
Fluid deasity 


Different 


Converged orifice coefficient 


"Fluid density at base conditions 


iniermediate inass flow factor 
Universal constant, © 
volumetric flow rate 


Pa SP OP MAGS 
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9,382070E-01 
9.77927BDL 
9.502523E-01 
6.029605E-01 
3.307 1LIE-03 
-1.742147F 07 
6,029605E-01 


1.00005 1E+00 
1.951872E-01 
9.9987395-O1 
2.046600E+00 
2.248400E+00 
6.029605E-01 
9.67368 E400 
3.141590E+00 
1:769270E401 


3.232 700E+02 
1,000051E+00 
1.951872F-01 
9,998 739E-O1 
2,046600E+00 
2.248400E200 
6,029605E-01 
1.161980E-01 
9.07368 1B4+00 
3.1L41S90E400 
1,522634E402 


9.382087E-01 
9.779233E-01 
9.502537H-U1 
6.029605E-O1 
3.3071 LIE-03 

—1.742147B-07 
6.029605E-01 
2 


4.6552 100404 


1.00005 1-00 
1626556202, 


9.9987 OIG. 


2.046600L+00 
2 248400L+00 


3.141590E+00 
17692608401 


46552108404 
1,000051B+00 
1,626556R--02 
9,998739E—01. 
2,046600E+00 
Daa Cy 
6.029605E-01 
L.£61980B-01 
$.0736202+00 
3.141590H100 
15226258402 


9,382087E-01 
9.779233E-01 


6,029605E-OL 
3.307111E-03 

—1.742147E-07 
6.029605E-O1 
2 


A6S5U0R404 


1.000051E+00- 
i 626556L-02 


2 046600L+00 
2,.248400E100 


9,673626E-+00 
3,141390E+00 
1,769260E+01 


4.6552 10E+04 
1,000051E+00 
1.626556E02 
9,998739E-O1 
2,046600E+00 
2.248 A000: 
6.029605E-0L 
1.161980E-OL 
S.G73026E+00 
3,141590E+00 
1,522625E+02, 


9.381623E-01 


6A 0296015E-0 1 
3.307063E-03 

—1.742071B-07 
6.029605B-01 
2 


1.000000R400 
1.00005 1B+00 
4.957879E-03 


9.898 7395-01 


3.278300B+01 
5.595000B+02 
6.0296035E01 
1,930651E-05 
3,141590E+00 


2.,2.20345R3 


1.0000008+00 
1,000031E+00 
4.957879E-03 
9.998739B-DL 
3.278300E+01 
5.09 000E 02: 
6,02960SE-O1 
186131082400 


L93065 LS 
3.141590E+00 
L197729B403 


e e @ 
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| SECTION 2—CONCENTAIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 59 
@ Table 4.14—intermediate Output for Example Test Caso No. 5 
Symbol US Units BP Uniis Meiric Uniis Si Units 
| Calculate temperatute corrected diameters 
*Measured pipe diumeter Dy 1,939450B+00 1.616208E-01 4926200401 4.926200F-92 
*Coefficient of thermal expansion a. 6.200000E-06 6,200000E-06, 1, 116000B-05 1. 116000R-05 
| *Pipe diameter measurement temperature Ton 6.800000E+01 6.800000E+0E 2,000000E+01 2.931500B+02 
“Flowing fluid y 0,000000E+00 0.000000E+00, —1.778000E+01 2.553700E+02 
Pipe diameter D 1,938632E+00 1,615527E-OL 4.924123E401 4.924123E-02 
*Measured orifice diameter day 1.953100E-01 1,627580E02 4.561000E+) 4.96 1000-03 
*Pipe coefficient of thermal expansion % 9,250000E~06 9.250000E-06 1.665000E-05 1.665000B-05 
*Orifice diameter measurement temperature Ts, 6.800000B+01 6, 800000F-+401 2.C00000E +01 2.93 1500E+02 
Orifice diameter d 1,951872E-O1 1,626556E02 49578798100 AISTETIEDS 
Calculate diameter rade (8) 
Orifice diameter d L9S1872E-G1 1,626556E-02 4.957879E+00 4.957879E-3 
Pipe diameter dD 1,938632E+00 1615527701 4.924123E401 4,924123B-02 
Diameter ratio, 8 B £,006829E-01 1.006827E-01 1.0068558-01 1,006855E-01 
Calculate G; correlation constants 
Upstream tap position. Ly 5,158276E-O1 5.158275E~-O1 5.158279E-01 5.158279E-01 
Downstream tap position hy 5,158276E-O1 5.158275E-11 5.158279B-01 5.158279L-01 
Dam height My 1,147154E+00 1.147153E+00 1.147 158B+00 1.147158E+00 
Upstream tap term Ty 4.0084 138-06 4.008383E-06 4,008830E- 06. 4,008830E-06 
Downstream tap term Tp —4.878946E-04 —4,.878935E-04 -4.879096E-04 —4,879096E-04 
| Small pipe diameter correction term Tt 2.323928B-03 2.323927E-03, 2,323925B-03, 2.323925E-03 
Pipe diameter dD 1.938632R+00, 1 AISSITP OL 4,0241232R_1) 
Diameter ratio, 8 B 1.096829E-01 1.006827E-O1 1.006855E-01 
| Conversion factor Ny 1.000000E+00 8.339320E02 2.540600B.01 2.540000B 02 
Correlation constant 1 Gig 5.982350B-01 5.982350E-O1 5.982350E-01 5.982350L-01 
Correlation constant 2 Gey 4.8370S8E-03 4.88705 1-03, 4.887 147E03 4.887147E-03 
Correlation constant 3 GQ, 1.490463B~-05 1.490452E-05 1.490618E-05 1.49061 8E-05 
ts L927601B-06 1.927584E-06 i.S2784iE-06 1.927841E-06 
| r Correlation constint 5 on 3.734835E-05 3.734822E-05 3,.735025E05 3.735025E-05 
m Cuisuiaic veiocity of approach factor 
Diameter ratio, 6 B 1,006829E-01 14K16827E-01 1,006855E-01 1.006855E-01 
Bsquared fins 1,013705E-02 1013701602 1.013758E-2, 1.613758E-02, 
fi reised to fourth power iM 1,027598E-04 1.027590E-04 1.027704E-04 1.027704b-04 
Velocity of approach factor E 1,030051E-00 1.00005 1E+00 1.00005 1E+00- 1,000051E+00 
Caleulate fluid expansion factor 
*Compressible fluid switch (1 = yes) ICOMP 1 L 1 1 
Units conversion factor Ny 277070001 2A IT UEAUL 1,00Q00QE403 1,0000008+00 
Diarveter ratio, 8 B 1.006829E-01 1.0068275-01 1.006855E-01 1,006855E-01 
*Tsentropic exponcnt k 1.319800E+00 13198005400 1.319800F+00 1.319800E+00 
*Di el pressure. AP 4406043802 4 ACESS3E 02 LOSGE35E+03 1 O96635B+05 
*Ftowing pressure BR 2.0000008402 2,.000000T+402 1.378950E401 1.378950E106 
% 3.106804E-01 3.L06R804F 3. 106804E-01 
pe RK FSS27G6iE-G2 7. 02 7.95268 16-02, 
Pressure ratio B “L.OL3705E-02 1.013758E-02 1.013758E-02 
Expansion factor ¥ 9.752923E-O1 9,752923L-01 9.752926E-01 9.752926B-01 
Calculate iteration flow factor 
Unit conversion constant Np 6.235820B-04 7.733270EO2 1.000000E-01 LOOGOQ0E+00 
Pipe diameter D 1.938632E400 1.615527E-O0L 4.924123E+01 4.924123E-02 
Orifice diameter ad 1,951872E-O1 1.626556L-02 4,957879E+00 4.9578 79E-03 
Velocity of approach factor E 1.n00os1F+60 1 9000S 1TR.00 TANNNST R00 100005 [R00 
Fluid oxpans{on factor ¥y 9.752923E-O1 9.752923E-01 9.752926E-01 9.752926E-01 
*Fluid viscosity BH 1.352000E-02 9,.085000E—06 1.352CO0E-02 1.3S2000E-05 
min de naiy Pip 2.0466008400 2.048008 10D 3.2783008 101 3.270300E+01 
Differential pressure 4.406943E102, 4.406943E+02 1.09663SE+03 1.056635SE+05 
AP independent part of Fy A, 1.759406E+00 1.7594098+00 1.110750E+01 1.110750E+02 
AP dopendent part of Fy ea 2AT17SE+OL 4.24717 SB+01 2.68 14548402 2,08 1454E+03 
Maximum value of F; Fy iii 1.G00000E+03 1.000000E+03 1.000CO0E+03 1.000000E+03 
Iteration flow factor Fo 4,142533E-02 4,142540B-02 4,142343£-02 4,142343E-02 
Fy 4,142533B-02 4.142540E-02 4,142343E 02 4,142343E-02 


Calculate the orifice coefficient 
Iteration flow factor 
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CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


“APL NPMS#LY. 3. 4 42 = 0732240 De0b348 be? 


Table 4-11—Intermaciate Output for Exampla Test Case No 5 (eontinued) 


Syinbol SE Units 
riser constant F Gy = 982350H-OL 5,982350E-0L 
Gy 147-08 488714 7R03 

Comiation constant 3 G, i 490618E-05 1.490618E-05 
Correlation constant 4 Ga 1,927841E-06 1.92784 IB-06 
Correiation constant 5 Gy, 3.735025E-45, 3.735025E-05 
Initial orifice cocfficient Gy 5,982350E-01 5.982350E-01 
Convergence flag (counter) IcD Oo uy 

Calculate the orifice coefficient 
Reduced reciprocal Reynolds no. x 6.924591 B-02, 6.924603E-02 6.924273E--02 6,924273B-02, 
‘Term raised to power of .35 Dead 3.927697E-O1 3,927699E-0| 3.927634E-01 3.927634E-01 
‘Term raised to power of £0 x080 4,191178E 01 1181179801 1,181135E_O1 1.181135R-01 
Calculated orifice coefficient K 5.989993H-01 5,989993E-01 5,989993B-01 3.989993B-01 
Derivative of orifice coefficient resid Dd; 5,334226E-04 5,334226E-04 5,334155E-04 5.334155E-04 
Change in C; for an iteration 8G; ~7.635S0RE-04 -7.635907F-04 ~7.635809E-04 -7.635809E-04 
Caloulated otifice coefficient G S,9R998GE-O1 5.980986E- 5,989086F-01 5,929986F 11 
Convergence fing (counter) IcD 1 1 1 1 

Caicuiate ihe orifice cvcfiiicni 
Reduced reciprocal Reynolds no. 6.915763R-02 6.9157 76-02 6.915446E-02 6.915446E-02 
‘Term raised to power of 035 EOL 3.925946E-01 3,925881E-01 3.92588 1E-01 
Term raised to power of x80 1A79975E-Oi 1.179930E01 117993081 
Calculated orifice cocfficient K 5,989986E-01 5.989986E-01 5.989986E-01 5,989986E-01 
Derivative of orifice coefficient resid dD 5,329460E-04 5,329469B-O4 5.329399E-04 5,329399E-04 
Change in G; for an iteration 6G; -7,369381 8-10 -7,369379E-10 -7,369093E-10 ~7,309093E-10 
Calculated-orifice coefficient - G 9.989986E-01 5.989986E-01 5.989986E-01 5.989986E-01 
Convergence flag (counter) IcD 2 2 2 2 

Caleulate the mass flow rate 
‘Unit conversioa constant ay 3,232790E+02 4.6552 LOB+04 3,600000E-02 1,000000E+00 
‘Bat Ww footer, E 1,000051E+00 1.960051R400 1,.000051E+00 1.00005 1E+00 
Orifice diameter a 1,951872E-01 1,626556B-02 4,957879E+00 4.9378719E03, 
Fluid expansion factor Yy 9,752923E-01 9.752923E-01 9,752926E-01 9,752926B-01 
Fluid density Pip 2.046600E+00 2.0466008+00 2. 
Differential pressure AP 4,406943E+02 4.406943B+02 1,096635E+03 
Converged orifice coefficient a 5,989986E-01 5.989986E-O1 5,989086E-01 5.989986E-01 
Intermediate mass flow factor Fuass «9873681400 9.573626B400 6850343501 1.93056 18-95 
Universal constant, 7 3,141590E+00 3,141590E+00 3,141590E+00 3.141590E+00 
Mass flow rate Qn 2.400229E+02 2.400215E402 1.088773E+02, 3.024370B-02 

Calculate the volumetric flow rate 
Unit conversion constant Ny 3,232 7908402 4.6552 LOB+04 3,600000E-02 1,000000E+00 
Entrance flow factor zE 1,000051E100 1,000051E100 1,000051E+00 1.00005 1E+00 
Orifice diameter a 1.951872E-01 1.626556E-02 4.957T879E+00 4,957879E-03 
Fluid expansion factor Y 9.752923E-O1 9.752923E-OL 9,752926E-01 9.752926E-01 
Fluid density Dip 2.046600E400 2.046600F+00 3,278300E+01 3.278300B+01 
Differential pressure AP 440694302 4.406943E+02 1,096635E+03 1.096535E+05 
Converged orifice coefficient G 5,989986E-01 5.989986E-OL 5,989986E-01 5,980986E-01 

Pe LIGLOR0R-01 1, £61980R-O1 1,861310F+400 1.8613 10F400 

Intermediate mass flow factor Fuaks 9,673681E+00 9,673626B 10) 6,950343E-01 1,93065 1E-05 
Universal constant, n 3.141590E+00 3.141590E+00 3.141590E+00 3.141590B+00 
YVolumeitic flow rate gy 2OGSESTEWS 2.06562SE403 S.849499E01 1,624861B-02 
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| SECTION 3—-CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—-BACKGROUND a 
| @ Table 4-12—Intermediate Output for Example Test Case No. 6 
| Symbol US Units IP Units Metric Units SI Units 
Caiculate ternperature corrected diameters 
*Measured pipe diameter Dy 7.581460B+00 6.651217E-01 2.027290E+02 2.027290E-O1 
*Coefficient of thermal expansion By 6.200000E-06 6.200000E-06 1.116000E-05 1.116000E-05 
*Pipe diameter measurement temperature tb, 6,800000E+01 6.800000E+01 2.0000008 +01 2.93 1500E+02 
“Flowing fluid via 0.000000E+00 9,000000E+00 -1.7780008401 2.553700B+02 
Pipe diameter D 7.978095E+00 6.648413E-01 2,026435E+02 2,026435E-01 
*Measured orifice diameter dy 7.S68900E-01 6.640750E-02 2.024L008+01 2.024 100E-02 
*Pipe coefficient of thermal exp: a 9.2500008-06 9.250000E-06 1.665000E-05 1.665000B-05 
alt rz 6 800000R+01 6. 200000E+01 2.00000R+01 2.93 1 SINE, 
= 7.963888E01 6.636573E-02 2.022827E401 2.022827E-02 
Calculate diameter ratio (8) 
Orifice diameter d 7.963888E-01 6.636573E-02 2,022827E+01 2.022827E-02 
Pipe diameter D 00 1 2.0264358+02 2.026435E-01 
Diameter ratio, 6 B 9.9821 938-02 9.982 1930-02 
| Calculate CG, correlation constants 
| Upstream tap position ty 1.253432B-01 1,253431E-01 1,253433B-01 1,253433E-01 
Downstream tap position Ly 1.253432E-01 1.25343 1E-01 1.253433E-01 1.253433E-01 
Dam height Mm, 2.784854E-01 2.784852E-01 2.784855E-01 2.7R4855B-O1 
Upstream tap term Ty 1.376258E-06 1.376257E-06 1.376259E-06 1.376259E-06 
Downstream tap term sy ~1.653483E-04 —1.653482E-04 -1.653483E-04 —1,653483E-04 
Small pipe diameter correcting term Ty C.oNNNNR+AO O.0naNNNRLAN Non A.onnNoNR+00 
| Pipe diameter D 7.978095E+00 6.648413E-01 2.026435E+02 2.026435E-O1 
Diameter ratio, £ B 9.982102F-02 9,082 191E-02, 9.982193R 02 9.982.193B-02 
Conversion factor Ng 1.900000E +00 8.333330H-02 2.5400008101 2.540D00B-02 
Correlation constant 1 Gin 5,962260E-01 5.962260E-01 $.962260E-01 5,962260E-O1 
Correlation constant 2 Cay 4.8577666-03 4.857766E403 4.857766E-03 4.857766E-03 
Con n constant 3 or L44G130B-05 L4401302-05 L44013 1-05 Ld ILEOS 
Conelation constant 4 rn 1.849753E-06 1,849753E-06 1.849754E-06 1.8497548-06 
Correlation constant 5 Cay 1.256850E-05 1.256849E-05 125685 1E-05 1.256851E-05 
Caleulate velocity of approach factor 
Diameter ratio, 6 B 9.982192E-02 9.982 191B-02 9.982193E-02 9.982 193B-02, 
squared Bp? 9.9644 16E-03 9.964415E-03 9.9644 18-03 9.9644 18E-03 
Praised to fourth power pt 9.928958E-05 9,9289568-05 9.928962E-05 9.928962E-05 
‘Velucity of appruuch factor E 1,000050E+00 1.000050E+00 10000506400 LOQOOS0E+00- 
Calculate fluid expansion factor 
sCiomoreselble Hula hs icamey a o o 0 
Units conversion factor Ny 2.770700E+01 2,.77T0T00E+01 1.000000B+03 1.000000E+00 
Diameter ratio, B B 9.982192B-02 9,9821918 412 9.982193E-02 9.982193B-02, 
pic exp k 1,000000E:00 —1.0000008 100 —1.0000008::00 —1. 000000800 
Differential pressure AP 2.248400R00 2.2484008+400 5.595000E+00 5.595000E+02 
*Tlowing pressure Py 1.469600E+01 1.4696008+01 1.013250E+00 1.013250B+05 
Expansion factor ¥ LAB 100 L0OHI00E4.00 1.0000008+00 1.GOOO00E+00 
| Calculate iteration flow factor 
Unit conversion constant No 6.235820R-04 VTB32TUE AMZ LOGE 01 LOOOQOOE+00 
| Pipe diameter D 7.978095E+00 6,648413E-01 2.026435E+02 2.026435E-01 
Orifice diameter d 7,963888E-01 6.636573E 02 2.022827E+01 2.022827E-02 
Velocity of approach factor E J.Q00050E+00 1,000050E+00, 1.000050E+00 1,000050E+00 
Fluid expansion factor 4 1,000000E+00 1,000000E+00 1,000000E+00 L.O00000E+CO 
*Pinid vicensity a 1 26500003 1.943 700R+00 1. R65N00R04 TR6S000R+00 
| “Fluid density Pep 5,819900E+01 5,81990UE+01 9.322600E+02 9 322600B+02 
Differential pressure aP 2.248400E+00 2.248400E+00 5.595000£+00 5.595000E+02 
AP independent part of £7 Fi, SBS MOCR+O! 5.831298B+04 3.6943 048105 26943 01E+06 
AP dependent part of F, Fy 1,617743B+01 1.617743E+01 1.021371 +02 1,021371B+03 
Maximum value of i, ras 1.0000006+03 1.00CKIOE+03, L.O00000E+03 1 000C00E+03 
Tieration flow factor io] L.000000E+03 L.OOCKKIOE+03 1. S00000E+03 LOOOKHE+)S. 
Calculate the orifice coefficient 
iterotion fiow factor 7 1.0 03 1 E03 i 3 03 
Cortelation constant 1 Cay 5.962260E-01 5.9622608-01 5.962260E-01 5.962260H-OL 
Conelation constant 2 io} i 4.857766E-03 4,857766E-03 4.857766E-03 4,857766E-03 
Correlation constant 3 1.440130E-05 1.4401302-05 1.440131B-05 1.4401318-05 
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62 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 
Table 4-12—intermediate Output for Example Test Case No. 6 (continued) 7 
Symbol ‘US Units IP Units Metric Units SI Units 
Cotrelation constant 4 Gi, 1,849753E-06 1.8497S53E-06 1,849754E-06 L840754E-06 
Correlation constant 5 Ct, 1.2596850E-05 | .256849E-05 1,256851E-05 1.25685 1K-05 
Initial orifice coefficient Gq 5.962260E-01 5.962260E-0| 5,962260E-01 5.962260K—01 
Convergence flag (courier) icp 3 3 6 6 
Calculate the orifice cocfficient 
Reduced reciprocal Reynolds no, x 16772161403 1.6772 10K+03 167721 6E+03 1.6772] 68+03 
Term raised to power of 35 x08 13446408401 1,344640B+01 1.344640E+01 1.344640E+01 
Term raised to power of .80 x0.80 3.799017E+02, 3.79901 FE+O2 3,799017E+02, 3,799017E+02 
Calculated orifice coefficient F, 1,482426E+00 1.482426E1.00 1.482426E+00 14824265100 
Derivative of orifice ooofficiont resid Dy 6.210806R O1 6.210806E 01 62108068 GL 6.210806 04 
Change in C, for an iteration 5Cy 1.340531 E-O1 4.3405 30E-O1 —4.340531E-GL 43405316 O1 
Calculated orifice coefficient ay 1,030279E+00 1,030279E+00 1.030279E+00 1.030279E+00 
Convergence flag (counter) Icp 1 1 I 1 
Caleulate the orilice coefficient 
Reduced reciprocal B Reynolds no. 9,706 1OBE+02 9.7061 08E+02 9,706. LO8E+02 9.705 1Q8EH)2 
xe 1.M0365D401 1.110365R401 LM036540% LALOS65E+0! 
x080 2.452653E+02 2.452653E}02 2.452653E+02 2.452653E402 
E 
Derivative of orifice coe! dD, 
Change in Cj for an iteration 5G, ~1.204809E-01 ~1,204808E-01 ~1.204809E-O1 —1,204809E-01 
Calculated orifice coefficient G 1.150760E100 1,150760E+00 1.150760E+00 1.150760E+00 
Convergence flag (counter) IcD. 2 2 2 2 
Calculate-the orifice coefficient 
Reduced reciprocal Reynolds no. 8.68991 OE+02 8.6899 LOE+02 8.68991 DE+02 86899 LOR+02 
Term raised to power of 35 xo38 1,068207E+01 1.068207E+01 1,068207E+01 L.068207E+01 
x080 2,24dO79H402 2 I97QE+02 2.244979E402 2,244979E 402 
F, 1,155215E+00 1.155215E+00 1,153215E+09 1,155215E+00 
D, 3.917 128E-OL 3,917128E-91 3.917128E-O1L 3.917128E-01 
8G, 3.223 755E02 —3.323754E 03 —3.322756E-03 ~3.323756E-03, 
Calculated orifice cocfficient Gy 1.1540848+00 1.154084 +00 1.154084E+00 1.154084E+00 
Convergence flag (conntcr) ICD 3 3 3 3 
Catculate the orifice coefficient 
Reduced reciprocal Reynolds no. 8.664833E+02 8.664883E+02 8.664883E+02 8.664883E+02, 
Term raised to power of .35 x55 10671297401 1.0671297404 10671297401 1.0671298+01 
Term raised to power of 80 neo 2.239805E402 2,230805E+02 2.239805E+02 2.239805E+02 
Calculated orifice cocfficicnt x L.154086L+00 1.154086E+00 1.154086L+00 1.154086E+00 
Derivative of orifice coefficient resid D, 3.9092 L7E-OL 3.9092 17-0 3.90921TE-OL 3.9092 17ED1 
Change in C; for an iteration bCy -2.070598E-06 —2.070597B-06 -2.070599E-06 —2.070599E-06 
Calculated orifice cacfficiont GQ 1.154086E400 1,154086E+00 1.1540865+00, 1.154086E+00. 
Convergence flag (counter) IcD 4 4 4 4 
Calculate the mass How rate 
Unit conversion constant N, 3.232790E102 4.6552 10E+04 3,600000E-02 1,Q00000E+00 
Entrance flow factor E 1,000050E+00 1.600050E+00. 1.00005084+00. 1,000050E+00 
Orifice ciaineter d 7. F63888E-O1 6.636573E-02 2022827461 2.0228278-62 
Fluid expansion factor ¥ 1,000000E+00 1L.000000E00 1,000000E+00- 1,000000E+400, 
Fluid density Pap 5.819900E+01 5,819900E+01 9.322600E+02, 9.322600B+02 
Differential pressure AP 2,248400E+00 2,248400E-06 35950008400 3.5950008102 
Converged orifice coefficient GQ 1.154086E+00 1.154086E+00 1.1540868+00 1.1540868+00, 
Intermediate mass flow factor Fuass 1.6104 19B+02 1,610416E+02 1,156994E4+01 3.21387 LE-04 
Universal constant, # ca 3,141590E-+00 3.141590E+00 3,1415900+00 3,141590E+00 
Mass flow rate. Qn 3.006675E+03 3.006670E+03 1,363806E+03 3.788350E-01 
Caleulate the volumetric flow rate 
Unit conversion constant N, 3.232790E+02, 4.6552 10H+04 3,600000E-02 L.QO0CODE+00 
Entrance flow factor £ 1,000050E+00 L000050E+00 1,000050E+00 1,000050E+00- 
Orifice diameter d 7.D63888E01 6.636873B-02 2.02283 7B 2.022827E 02 
Fluid expansion factor ¥ 1.000000B+(4) 1.000000E+00 1.0000008400 1.anonane+00 
Fluid density Prep 5.819900E+01 5,819900E+01 9.322600B+02 9.322600E402 
Differential pressure AP ‘2248400R100 22484008400 S.S9S000R+00 S.S95C00E+02, 
Converged orifice coefficient GQ 1,154086E+00 1,154086E+00 1.154086E+00 1,154086E+00 
*Fluid density at base conditions Pa 5.6861 00E+01 5.686100E+01 9.108300E+02 9.108300E+02 
Tatecmediate m: low factor Fnass 1,610419E+02 1.610416E+02 L156994E+01 3.215871E-04 
Universal constant, 7 x 3,141590E+00 3,141590E+00 3,141590E+0) 3,141590E+00 
Volumetric flow rate Q, 5.287762E+01 5.287754E+01 1.497322E+00 4.)59229E-4 
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@ APPENDIX 4-A—DEVELOPMENT OF FLOW EQUATION 
SOLUTION ALGORITHM 


r 
Gm = Gh Ey Yd” J2p, AP 4a-D 


= orifice plate coefficient of discharge. 
orifice plate bore diameter at flowing temperature (J). 
= orifice differential pressure, 
velocity of approach Factor. 
unit conversion factor’, 
= universal constant (3.14159...). 

Jn = mass flow rate, 
Pi,» = density of fiuid at flowing conditions (P;, 7). 

Y = expansion factor. 


oil 


= 
b = 
aX ia0 8 


Part 1 also shows that C; is a function of the orifice plate bore diametex (¢), the meter 


tube internal diameter (PD), and the pine Reynolds number (2, pn 
tube internal diameter (D), and the pipe Reynolds number (Rep). For pr 


of the flow equation, Rey can be expressed as: 


4a, 
@ Rep = zuD (44-2) 


Where: 


| D = meter tube internal diameter at flowing temperature (7;). 


ft = absolute viscosity of flowing Muid. 
we = universal constant (3.14159... }. 
Gm = mass flow rate. 

= pipe Reynoids number, 


The discharge coefficient equation for fi 


of ANSI 2530 in the following form: 


ped orifice meters is presented in Part 1 


10° 

CAPT) = C,(FT) +0.000511 Ee B i + (0.0210 -+ 0.0049) BAC (44-3) 

Re, ey pa 
CAFT) = CCT) + Tap Term (4A-4) 
C(CT) = 0.5961 + 0.0291 B? - 0.2290 B* + 0.003 (1 —f) My (44-5) 
Tap Term = Upsirm + Dnsirm (44-6) 
Upstre = [ 0.0433 -0.07126°"-ornase®™ | (10.234) B A-7) 
Dnsirm = -0.0116 [% — 0.52405 ] BMld—0.14A) (4A-8) 
Note that definition for N, is different from the V; used in Part 1. In Part 1, Ny contained the constan:s 7/4. and 
fy. In Appendix 4-A, N, is strictly a units conversion constant. The g, shown in Part 1 is a units conversion 


constant and is therefore included in N,, 
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64 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 
Also, 
Bt 
Be I (4A-9) 
P 
DB 
M, = max (2.8--—,0.0) (4A-10) 
Ny 
2L, 
My = 1-6 GA-T1} 
0.8 
A= [ 1% soni |) (4A-12) 
| 
7 10° iN 
Cie ee oa) 
Eee) 


ing te Part 1, the equations and their associated uncertainty statements are limited 


to Part 1, the equ: 


to ratios of 0.10 to 0.75, d greater than 0.45 inches (11.4 millimeters), and pipe Reynolds 
numbers greater than or equal to 4,000. 

Equation 44-13 can also be used for pipe Reynolds numbers between 3500 and 4000. 
For Reynolds numbers less than 3500 the following equation for C is provided: 


The results of the C.(FP) ealeulation for Rey 
The results of the C, (FT) calculation for Reynolds r 


by the uncertainty statement of Part 1. 
Where: 


= high bore Reynolds number correlation function. 
fluid momentum ratio. 
ratio of orifice plate bore diameter to meter tube internal diameter. 
= (d/D) calculated at flowing temperature, Tp. 
low bore Reynolds number correlation function, 
= coefficient of discharge at a specified pipe Reynolds number for flange- 
tapped orifice meter. 
coefficient of discharge at infinite pipe Reynolds number for flange-tapped 
orifice meter. 
coefficient of discharge at infinite pipe Reynolds number for cornes-tapped 
orifice meter. 
@ = orifice piate bore diameter caiculated at flowing temperature, 7. 
D = meter tube internal diameter calculated at flowing temperature, 1}. 
@ 


6 y 


iy 
L,,L, = N,/D for flange taps. 
N, = 1.0 when D ig in inches. 
= 25.4 when D is in millimeters, 
Rey = pipe Reynolds number, 


Note; For corner-tapped orifice meters £1, L4 = 0, and for radius-tapped (D-D/2) orifice 
meters L, = 1 andZ, = 0.47, 
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As is apparent, the orifice plate coefficient of discharge is a non-linear function of the 
pipe Reynoids number and the pipe Reynoids aumber is a function of the orifice piate 
coefficient of discharge. This means that an iterative solution technique must be used to 
detennine cither the pipe Reynolds number and/or the orifice plate coeffi 
This appendix shows the development of the solution algorithm presented in this document. 


4-A.2 Rearrangement of Orifice Plate Coefficient of 
Discharge Correlation 


As presented, the orifice plate coefficient of discharge equation requires a number of 
terms to be computed each time the assumed Reynolds number changes. It is not apparent 
what the contribution of cach term might be [ov a change in Reyoulds number, For these 
reasons, the equation was rearranged for presentation in this document, by introducing the 
following intermediate terms: 


ay = [ 0.0433 + 0.07126" ~o.1tase 6 |p (4A-14) 
Fh SM goin a th tee 
ip = 0.0116) af, 0.52mi? ge (4A-15) 
And, 
T, = 0.003 (1 — B) M, (4A-16) 


With the introduction of these terms, the Tap Term now becomes: 
Tap Term = Ty(1 - 0.23A) + Tp(1 - 0.14.4) (4A-17) 
And C,(FT) becomes: 
C, (FT) = 0.5961 +0.0291 8? — 0.22908" + T, +H, (1- 0.234) + F,(1— 0.144) 
(4A-18) 


By defining G,, to contain all tems in C;(°T) that are independent of Reynolds number, 
the following is obtained: 


C,, = 9.5961 + 0.0291 — 0.2290f8 + 25 + Tig + Ty (44-19) 
And, 
G(CT) = G+ (0.23%, ~ 0.1473) A (44-20) 


Using iis new expression for C,;FTjin CyFT), 


i of 1071 O7 


+ (0.0210 +- 0.0049 A) B°C 


ion, the pipe Reynolds number ay ai 
several oxponents combined with several additional factors, it is convenient to define a new 
variable, X, which is equal to 4,000 divided by the pipe Reynolds number. Substituting X 


into the expressions for A and C yield: 
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rm 70.8 


= | 19,0008 . 4000 
4000 Rep 


[4.75 pps x4 (44-22) 


Il 


For Reynolds numbers greater than 4,000: 


r 035 
108 
| C= Re, | 
0.35 

_ | 10° ,. 4000 

~ 1 4000” “Re, | 

= [2506] x05 (4A-23) 

Similarly, 

- OF 407 
f aot P| 40%, aa00) 
| Rep . | 7000 Rep | 


By grouping all terms having X raised in similar powers together, the orifice plate 
coefficient of discharge equation is transformed into: 


Gy Gy Gy XP + Gy KO GO EC (44-25) 


Where the cocfficients are given by: 


Cy = (0.147, — 0.237) [4.758198 (4A-26) 
, = 9.000511 250°" (40-27) 
Cy, = 0.0210 p°250°° (4A-28) 
Cy, = 0.0045 (4.75 B19” BAB O7 250% 4A-29) 


Since the fractional exnonents are relatively imoractical calculations, itis adva 
Since the fractional exponents are relatively impractical calculations, it is advantageous 


to rewrite equation 4A-25 in the following manner so that only two fractional exponents 
are required: 
ae ee Sc ct 080 7938 0.80 aac ann 
Cy = G, ak GQ, + Gt GX Va +O,% (44-30) 
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@ This method of formulating the equations makes the relative importance of terms more 
succinet. Within the bounds of the standard, X will always be less than or equal to one and 
greater than zero. Therefore, itis apparent how much cach term contributes to the calculat- 
ed value of the orifice plate cocfficiont of discharge. This compact form also makes it easier 
to solve for the coefficient of discharge. 

in order to handle the case where the Reynolds number is below 4,000, a modification 
must be made to the algorithm to account for the switching function used for the C term. 
For functional smoothness, the transition takes place when the two functional forms used 
for Care equal. This occurs when: 


10° 0.35 io 
= = ea “ 
| =| 30 cso] ioe | (44-31) 


xT HE A-S (4A-32)} 


Wh auos 
Were. 


A 


4.343252 
3.0.35 
30 (4X 10") 


B 


(4A-32a) 


| It can be shown that the crossover point, X., occurs at X = 1.142129 or a Reynolds 
number of 3502.20, 
@ Therefore, the solution algorithm must be modified to compute C, as shown in equation 
| . 4A-30 for X less than X, as: 
a 0.70 0.80 B 0.80 3 
| Gp = Cat Gy XO + ( Co, + CyX ( a8 } Gy,X°% (4-33) 


For X greater than X,. 


4-A.3 Development of Solution Equations 
By combining equations (44-1) and (4A-2), il can be shown that: 
2 


E,Yd 
Rey = CoN fp, ,AP (44-34) 


where N, is a unit conversion factor for Reynolds number. The reduced Reynolds number 
used in the modified orifice plate coefficient of discharge correlation is: 


AQOOM, wD 4 
Ne ee eS le! (44-35) 
£,¥d? fap, AP LG 


For a given set of flow conditions, all terms on the righthand side of equation 4A-35, except 
the orifice plate coefficient of discharge, are constant, It is convenient to define an iteration 
constant, F; such that: 


i 
@ eae (4A-36) 
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Equation 4A-36 can then be substituted into the orifice plate coefficient of discharge @ 
correlation equation, equations 4A-30 and 4A-33, to get a single equation which can then 
be solved for C; using any one of a number of numerical techniques. 


Two numerical techniques were investigated, direct cia and Newton-Raphson. 
mI 


The direct substitution algorithm can be summar 


The direct substitution algo be summ 


Step I: Guess aC). 

Step 2: Calculate X using equation 44-36. 

Step 3: Calculate a new C, using equation 44-30 of 44-33, 

Step 4: Repeat sieps 2 and 3 uniii C, changes jess ihan some specified iolerance 
between iterations (for example, 0.000005 ). 


As can be seen in Figure 4-A-1, the number of iterations needed to solve for the orifice 
plate coefficient of discharge varies strongly with the beta ratio (8) and the pipe Reynolds 
number. For many, if not most, natural gas applications (Rep > 10”), the direct substitution 
method converges in relatively few iterations. However, many more iterations are required 
for liquid applications (Rep > 10°). In the case of a very viscous fluid, the method will not 
converge in 50 iterations, 


A Newton-Raphson method requires an explicit statement of the function to be solved 
and the first derivative of that function with respect to the solution variable. The function 
to be solved is: 


FIG) = © alae) 4A-373 
LG} 
Where: 
For X¥<X.: & 
O78 4 cr yO 4 ya co 7089 aR A} _ 
lo 1 b sey - 
50 
\ fiz 0.75 

40 
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Figure 4-A-1—Number of Iterations Required to Solve for Orifice Plate r 
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For X>X;: 
aX) = G, + fc G, + Ge) [a- 2 leg om (4A-38B) 
L gy 
The first derivative of the function f with respect to C, is: 
XxX) 
Mey =e SE (4A-39) 
Ma 
Where: 
For X <X,i 
Xx g! (H) = 0.70, X"74035G, OF + LSC ATS + 08¢, X°*  (4A-40A) 
For X¥>X,: 
B B 
XxX) = OIG, OFC, ( x) % jos KARO a( § lpeteenx* 


This formulation allows both the function and its derivative to be calculated using only 
two fractional powers, x3 and X°"" The value of X™” is calculated by taking the square 


S ees rs 7 weet 
of X™. This calculation scheme allows the iterations io be performed very economically. 


Figure 4-A-2 shows the number of iterations required to solve equation 4A-35 as a func- 
tion of # ratio and pipe Reynolds number. The Newton-Raphson algorithm never requires 
more than 10 iterations to solve any case that falls within the bounds of the standard. Even 
at extremely low Reynolds numbers, the algorithm is able to solve for the orifice plate 
coefficient of discharge in fewer than 10 iterations in any case tested. The stability in num- 
ber of iterations required for solution as weil as the economy of the iterations, makes the 
Newton-Raphson algorithm the preferred solution algorithm. 


The Newton-Raphson algorithm can be summarized as follows: 


‘alculate X using equation 4A-36. 


‘ulate fan: accordine te eanatia: A-27 throneh AA-AN 
culate fand f’ according to equations 44-37 through 44-40. 


Step 4: Calculate the change in Cy for the next iteration, SC). 
SCp=ylf" 
Siep 5: Update the guess for Cy. 
C= Cr~ dQ. 
Step 6: Repeat steps 2 through 5 until 6C, is less than some predetermined tolerance 
(for example, 0.000005). 


4-A4 Additional Precautions Required 

In vases where either very low flow or no flow is encountered, the iteration factor for Cy, 
Fy, a8 defined by equation 44-36, will become very large or infinite. Therefo: 
sary to limit the iteration flow factor to some maximum value, ¥,,,,. This limit has been 
arbitrarily set to 1000 in this standard to allow computation of the orifice plate coefficient 


is neces- 
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of discharge outside the range of applicability af thie standard. This limit is enfficiently 
large that only a small number of cases will actually use this value. The limit also ensures 
that all computations will occur within the machine floating point range without causing 
any exceptions (for example, overflow or underflow). 


roo} 


Number of iterations 


ixial 1x10? 1x108 1K104 4x1 05 4x108 1x40? ix108 


Figure 4-A-2—Number of Iteratlons Required to Solve for Orifice Plate 
Coefficient of Discharge-Newton-Raphson Method 
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APPENDIX 4—-B—RECOMMENDED ROUNDING PROCEDURES 


The rounding procedures presented must be implemented in a manner such that only 
decimal (base 10) arithmetic is used in all operations. If the input and/or output data are not 
in decimai form, the implementation must provide a method for converting the input data 
to and/or from a decimal representation. These procedures will not give consistent results 
unicss decimai arithmetic is used. The number of decimai digits used in the implementation 
shall be at least two more than required for output. 


4-B.1 Absolute Rounding 


Absolute rounding shall be used for those quantities that have a fixed magnitude and a 
fixed precision. ‘he output result will be an exact multiple of the input precision, rounded 
from zero or towards infinity. This rounding procedure is outlined in Procedure 1. 

Examples of the results of applying the procedure are: 


2.3451 + 0.001 = 2,345 + 0,001 
6.5435 + 0.002 = 6.544 + 0.002 
6.5430 + 0.002 = 6.544 + 0.002 


Procedure 1 - Absolute Rounding 


value to be rounded. 
absolute rounding factor, 


z = rounded value. 
Procedure: 

Step 1. If «= 0 then set z= 0 and return. 

Step 2. Divide x by y, 

Step 3. If x > 0 then add 0.5 to the result of Step 2, 

else subtract 0.5 from result of Step 2. 

Step 4. Truncate the result of Step 3 to an integer value, 

Step 5. Multiply the result of Step 4 by y. This is the returned value z. 
4-B.2 Relative Rounding 

Relative rounding is to be used for those quantities that have a variable magnitude and a 

fixed relative precision, For these types of quantities, the precision is often expressed as 4 
percentage of the final value. This procedure multiplies the relative precision by the value 
to obtain a nominal absolute precision for the observation. The nominal absolute precision 
is converted to the final rounding precision by truncating to 1, 2, or 5 times an appropriate 
power of ten. ‘The final rounding precision is then used according to the ahsolute rounding 
procedure to develop the properly rounded value. These rounding increments were chosen 
such that numbers which rounded up with one increment would exactly match numbers 
rounded down using the next larger increment. The output result will be an exact multiple 
of the final wutwding piecisiou, .ouuded wawards inéinity, This rounding procedure is out- 
lined in Procedure 2. 


Examples of the results of applying the procedure are: 


2,3451 + 0.1% 
=> 2.3451 + 0.0023 
=> 2.3451 + 0.002 
=> 2.346 + 6.002 
= 2.346 + 0,1% 
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2.3451 1 0.05% 
=> 2.3451 + 0.00118 
=> 2.3451 + 0.001 
= 2.345 + 0.001 
=> 2.345 + 0.05% 


Procedure 2 — Relative Rounding 


Taput 

* = value to be rounded. 

y = absolute rounding factor, 
Output: 

z = rounded value. 
Procedure: 


Step I. If x = 0 then set z= O and return. 
Step 2. Multiply x times y and take the absolute value of the result. 
Step 3. lf (<0) then set w=~1 else set w= 1. 
Step 4. Determine g and w such that the result of Step 2 equals the absolute vulue of 
q times w, g will be between 1 and 10 and w will equal some integral power of ten. w will 
have the same sign as x. 
a. set g = result of Step 2 
b. while (q< 1) 
setg=qX10 
sct w= wx 10 
end_while 


c. while (g > 10) 


setg=q/10 


wit 


e 


end_while 
Step 5, Truncate g to either 1, 2, or § and round x. Thi 
if (q < 2) then set v= wunc(xxw +05) 
else if (q < 5) then set ie = 2 x trunc( x x w/2 +05) 
else if (g¢>5 +5 xy) then set ix =5 x trunc(x x w/5 + 0,5) 
else begin 
set #2 = 10 x teunc( x x w/10 + 0.5 ) 
set ix= 2 x trne( x x w/2 + 0.5) 
if (ix > n2) then set ix = 5 x trunc(a x w/5 + 0.5) 
end, 
Step 6. Set z= ix/w 


Note: The function tronc(x) returns the largest integer value less than or equal tox. 


4- 
Mixed rounding shall be used for those quantities that have a variable magnitude and the 


qaccisiui: is expressed as a combination of a fixcd rclative precision for large valucs and a 
fixed absolute precision for smaller values. The rounding increment used is the larger of the 
inpot absolute rounding factor or the absolute rounding factor determined 
Procedure 3.2.2. In order to maintain consistency, the ‘fixed absolute precision must be 
equal to the rounding factor determined using the relative precision at the cross-over point. 
The output result will be an exact multiple of the final rounding precision, rounded towards 


infinity, This rounding procedure is outlined in Procedure B-3. 


.3 Mixed Rounding 
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© Exumples of the results of applying the procedure are: 
2. 4451 fe: o. mornaAnsy 


3431 + O.E% or 0.005) 


=} 2.3451 + (0.0023 or 0.005) 
= 2,345 + 0.005 


2.3451 + (0.05% or 0.0005) 
=> 2.3451 + (0.00118 or 0,0005) 
=? 2.3451 + (0.001 or 0.0005) 
=> 2.345 + 0,001 
= 2.345 t 0.05% 


Procedure 3 — Mixed Rounding 


Input: 
x = value to he ronnded, 
¥, = relative rounding factor, 
Jo = absolute rounding factor, 
Output: 
Z = rounded value. 
Procedure: 
Step 1, If x= 0 then set zg = 0 and return. 
Step 2, Multiply x times y, and take the absolute value of the result. 
Step 3. If the result of Step 2 is greater than yp. 
then go to Step 6, 
else go to Step 4, 


I 


Step 4. if (x > 0) then set z= y, x trune( x/y, + 0.5 ) 
@ else set z= y, * trune( x/y2— 0.5). 
= Step 5, Go to Step 10. 
Step 6. If (x <0) then set w= —L 


else set w <1 


q times w. q will be between 1 and 10 and w will equal some integral power of ten, w will 
have the same sign as x. 
a. set gy = result of Step 2 
b, while (¢< 1 
setq@=@Xx10 
selw= wx 10 
end_while 
c. while (g > 10) 
setq=q/10 
set w= w/10 
end_while. 


Step 8. Truncate g to either 1, 2, or 5 and round x, This is accomplished by: 
if (@< 2) then set ix = tunel xxw+f5) 
else if (¢ < 5) then set ix = 2 X trune( x x w/2 +.0.5) 
else if (g > 5 +5 xy) then set ix= 5 x trunc(x x w/5 + 0.5) 
else begin 
set 22 = 10 x frune( x x w/10 +0.5) 
set ix= 2X tranc( x x w/2 +05) 
if ( ix > n2.) then set ix=5 x trune( xx w/5 +05) 


cod. 
@ Step 9. Set z= ixrw. 


Step 10. Return vatue of z. 


| else set ws 1. 
| Step 7. Determine g and w such that the result of Step 2 equals the absolute value of 
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Table 4-B-1—Recommended Rounding lolerances 
Tem US Ir Metric Si 
Oh, Ob 0.001 Rel 0,001 Rel, 0.001 Rel. 0.001 Rel. 
dnd <0.5 0.0010 Rel <0,05 0.0010 Rel. <10 0010 Rel. <0,010 0.0010 Rel. 
>0.10 0.6005 Rel. >1.0 0.0005 Rel, >25 00005 Rel, > 0.025 (0,0005 Rel. 
0.05 10.0.1 0.00005 Abs. 051010 — 0,0005 Abs. Wo 25 0.0100 Abs. U.0i0t0 0 00001 Abs, 
Duy D, 0.0025 Rel. 0.0025 Rel. 0.0025 Rel 0.0025 Rel. 
é 0.01 Abs. 0.01 Abs. 0.01 Abs. 0.01 Abs, 
0,001 Rel. 0.001 Rel. 0.001 Rel. 0,001 Rel, 
>20 0,001 Rel. <20 0.02 Abs. >20 0,001 Rel. <20 0,02 Abs. 
>50 0.001 Rel. <50 0,05 Abs. >5000 6,001 Rel. <5000  5.0Abs. 
Pap» Po 0.00! Rel. 0,001 Rel. 0,001 Rel, 0.001 Rel. 
ns vy Ob 0.001 Rel. 0.001 Rel. 0.001 Rel. 0.001 Rel, 
Timms EDy_s Es Oi Abs. 6.1 Abs. 0.05 Abs. 0.05 Abs. 
Dargtes Eos gggs Tb» Te 
3G 0.001 Rel. 0.001 Rel. 0.001 Rel. 0.001 Rel. 
i 0,001 Rel, 0.001 Rel. 0.001 Rel. 0.007 Rei. 
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APPENDIX 4-C—-ROUND ROBIN TESTING 


To test the recommended implementation, an extensive round robin test procedure was 
conducted. Participants wexe solicited from the Comuniiies ou Petroleum Measurement, the 
Committee on Gas Measurement, and the Chapter 14.3 Working Group and other interested 


Rach narticinant was nrovided with a test eant: 
parties. Each participant was provided with a test matr 


of valuice's 


of valtics which would provide a 
wide variety of conditions of pipe geometry, flow conditions, and differential pressures. 

The matrix was designed to test results within normal operating ranges, extreme operating 
tanges, and outside the bounds of the RG equation. The test matrix was available in US, IP, 
metric, and SI units. 

Jn addition, the participants were provided with a draft version of Part 4 and both FOR- 
TRAN and C versions of the implementation procedure, Also included in the test package 
were the baseline output results from the test matrix in each of the four systems of input 
units, 

The implementation procedure was tested on a variety of computers ranging from 286 
PCs to large mainframes and implemented in several different programming languages. 
Some of the computers used in the round robin test included: 


Dell 8 MMHz 286 Dell 310 20 MHz 386 
Gateway 33 MHz 486 Gateway 25 MHz 486 
IBM RS/6000 - 320 IBM PS/2 Mod 70 20 MHz 386 
DEC VAX 6220 VMS 5.3 DEC VAX 8800 VMS 5.3 
DataWorld 25 MMHz 386 Apollo DN10000 
Toshiba 25 MHz 386 IBM 3090 - 6060S 

LandMark v2.0 CPU 110.34 MHz 


This list is representative but not inclusive of all computer systems that would be capable 
of making the necessary calculations to the required reproducibility. Several vendors of 
rack-mounted and low-powered field-mounted flow computers also tested the procedures 
on their systems. 

Regardless of the equipment or the language used to program the calculationat proce- 
dure, the final computed flow rates, calculated using single precision arithmetic, agreed 
with the baseline output results to within the stated 50 parts per million. Thus the calcula- 
tional procedure was deemed to be of the desired accuracy and reproducibility, 

At the time the round robin testing was begun, it was hoped that statistics concerning 
execution times could be provided. It was found that execution times were varying widely 
and were highly dependent on the speed of the proce: ihe programming language, and 
the YO requirements. As a result, insufficient data was collected within any particular 
operating environment to be meaningful. Therefore, no timing information is being pre- 


sented. It should be noted that none oft the participants expressed a concern about execution 
time. 

Tables 4-C-1, 4~C-2, 4-C-3, and 4-C-4 present the actual test matrices used in the round 
robin testing. Since each matrix represents 10,080 test points, and there are five unique val- 
ues output for each point, the output from an individual test matrix is substantial. To be able 
to provide a reasonable number of values to verify calculational accuracy and provide a 
means of testing for the full realm of conditions, a subset of the output results is presented 
in Tables 4-C-5 and 4-C-6. Each cell in the output results matrix contains values of the 
following quantities: 


Cy Discharge coefficient 

Qn Mass flow rate 

Q, Volume flow rate at flowing conditions 
¥. Expansion factor 


IcD Convergence flag 


A value of convergence flag, ICD, less than zero means outside correlation range. The 
absolute value is the number of iterations to convergence. 
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Table 4-G-1—Round Robin Test Parameters (US Units) 


Pipe Geometry 


Dy dey I Dr | D, 4, | Dy, Gy 
in in In in i in dn in 
1.04882 0,10157 29.37598 5,87500 798146 2.90039 2.17189 
1.93945 0.19531 47,25000 9.45311 4.31154 4.02638 3.02343 
2.90039 0.28906 1.04882 0.42969 29,37598 7.98146 5.98437 
4.02638 0.40626 1.93945 0.78906 47,235000 t4.31154 
7.98146 0.79689 2.90039 1.17969 1.04882 29.37558 
14.31184 1.42069 4.02638 1.64062 102045 35.43752, 
29.37598 2.93752 7.98146 3.25000 2.90039 1.92189 1,04882 0.83594 
47.25000 4.72657 14,31154 5.82811 4.02638 2.66406 1.93945 1.55469 
1.04882 0.21094 29.37598 11.96094 7.98146 5.28906 2.90039 2.32031 
4 gaps: 0.3 47.2500 19.93437 14.31154 9.47657 4.02638 3.21874 
2.90039 0.57811 1.04882 0.56252 29,37598 19.46094 798146 6.38280 
4,02638 0.80469 1,93945 1.03126 47.2500 31.29689 1431154 1145314 
29B14E £59374 3.90039 fgaggo 104822 20.37508 iH) 
14.31154 2.95937 | 4.02638 2.14843 | | 47,25000 


Meter tube materlat is carbon steel pipe, of = 9.25 x 1Oin/in-°F. Orifice plate material is austenitic stainless steel, 04 = 6.20% 10“in/in—F, 


Flowing Conditions 


i Pr Pup a Pp 
°F psia loft? cP wit 
0.00 14.696 58.199 186508403 56.861 
68.00 14.696 56.660 2,1220E402 56.861 
176.00 14,696 54.214 1,7490E+01 56.861 
60.00 14.696 62.366 11990 62,366 
210.00 14.696 58.702, 2.82508-01 62,306 
0.00 14.696 0.13223 1,3070E-02 0.116198 
50.00 100.00 0.31109 10670802 0,044210 
0.00 1000,00 65.072 1.5430E-01 0.116198 
0.00 200,00 2.0466 1,3520E-02 0.116198 
50,00 500.00 1.6623 1.1310B-02 0.044210 
150.00 1000.00 2.9573 1,36508-02 + Qaazto 
140.00 2000.00 32.465 4,1710E-02 0.116198 


4 value of -1,0 for the isentcopic exponent & indicates that the fluid is incompressible, 


Ditferentiai Pressures 


AP 


inches HO at 60°R 


HO at 60 


0.0000 
22AR4 
8.9938 
20,2360 
35.9750 


| 


36,2110 
80,9438 
110,1736 
143,9002, 
182, 1236 
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379.9864 
440.6943 
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Witions 


Meter tube material is carbon steel pipe, a = 9.25 x 10“infin-*F, Ouifice plate meterial is austenilic stainless steel, a, = 6.20 x 10 “in/in-”F, 


Flowing Con 
iF Pp, “ e Po 
°F psia Ibm/fi-s ibn? 
0.c0 14,696 -1.0 56.861 
68,00 14.696 1.0 56.861 
176.00 14,696 LL 750B-02 1.0 56.861 
60.00 14.696 8.0560-04 10 62,366 
210.00 14,696 1,89805-04 1.0 62.366 
0.00 14.696 0.13223 8.7850B-06 0.116198 
50.00 160.00 031109 7.17208-06 0.044210 
0.00 1000.00 65.072 1,03705-04 0.116198 
6,00 200.00 2.0466 9.0840E-06 0.116198 
50.00 500.00 1,623 7.600006 0.044210 
150.00 1000.00 BINS UL A0K 16 0.044210 
140,00 2000.00 32,465 2,8030E-05 0.116198 


*A value of -1,0 for the isentropic exponent k indicates that the fluid is incompressible. 
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@ Table 4-G-2—-Round Robin Test Parameters (IP Units) 
7 Pipe Geometry 

Dn dy | Dr 4, t Dy 4, ] Du 4, 

ft i ft ft ft 
0,0874017 0.084642 2.4479983 04895833 0.6651217 0.354 1667 0.2416992 0.1809908 
0.1616208 0.0162758 3.9375000 O.7877592, 11926283 0,6354167 0,3355317 0.2519525 
0.2416992 0.0240883 0.0874017 0.0358075 24479983 £.3046883 0,6651217 0.4986975 
0.0338530 0:1616208 0,0657530 3.9373000 2.0983075 11926283 9,8945308 
0.0664075 02416992 O.09R2075 0,0874017 0.0579425 2,4479983 1,8359383 
1.1926283 0.119408 03355317 0.1367192, 01616908 1 1NAT717 3.9975000 2.9831267 
24479983 0.2447933 0.6651217 0,2708333 0.2416992 0.1601575 O.0874017 0.0696617 
3,9375000 0.3938808 1.1926284 0.4856758 03355317 0.2220050 0.1616268 0.1295575 
0.0874017 0,0175783 24479983 0.9967450 0,6651217 0.4407550 0.2416992 9.1933592 
0,1616208 0.0325525 3.9375000 1.6028642, 1,192€283 0.7897 142 0.33553 17 O.2682929 
02416992 0.0481758 0.0874017 0.0468767 24470083 16217450 0.66512 17 0.5319000 
0.3355317 0.1616208 0,0859383 3,9375000 2,6080742 1,1926283 0.9544258 
0,665 1217 02416999 0. £280075 §.0874017 0.0657550 24479983 1.9583333 
11926283 | 0.3355317 0.1790358 0,1616208 0,1210925 | 3.9375000 31497408 


Differentiai Pressures 


AP 
inches HO at 60°F 

0.0000 | 56,2110 | 24,8440 

2.2484 30.9438 272.0613 

8.9938 140.1736, 323.7754 

20.2360 | 143.9002 | 379.9864 

35.9750 182.1236 440.6943 


‘The test matrix of 10,080 data points is formed by using all combinations of the 56 pipe geometry values, the 


15 differential pressures (56 x 12 x 15 = 10,080). 
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Table 4-G-3-——-Round Robin Test Parameters (Metric Units) 
Pipe Geometry 

Pas On T Dy ty T Dn a, T Day a, 

mm mm mm nm mm om mm mm 
26.640 2.580 746.150 149.225 202,729 107.950 T3610 55,166. 
49,262 4,961 1200,150 240,109 363.513 193.675 102.270 76,793 
73.670 7.342 26.640 10,914 746.150 397.669 202.729 152.003 
102.270 10.319 49.262 20,042 1200,150 639,564 363,513 272,653 
202,729 20.241 73.670 29.964 26.640 17.66) 746,150 559,594 
363.513 36.314 102.270 41672 49,262 32.544 1200.150 900.113 
746.150 A613 202.729 82.550 73.670 48.816 26,640 21,233 
1200, 150 120.055 363.513 148.034 102.270 67.667 49,962, 39,489 
26.640 746.150 303.808 202.729 134.342 73,670 58,936 
49,262 vs 1700.150 488.553. 363.513 240.705, 102.270 BL756 
73.670 26.640 14,288 746.150 404.308 202.729 162.123 
102.270 49,262 26.194 1200.150 794.941 363,513, 290.909 
202,729 40481 73.670 39.291 26 640: 20.042 746,150 596.900 
363.513 7628 | 102.270 5as0 | 49.262 35900 «= | sz0n.ts0 960.041 


Meter tube material is carbon steel pipe, a = 9.25 x 10in/in-°F. Orifice plate material is austenitic stainless steel, a = 6.20 x 10-Fin/inF, 


‘The test matrix of 10,080 data points is formed by 


Flowing Conditions 


q % Pop # e Pb 
ae bar kg/m? oP kg/m? 
-17,78 1.01325 932.26 1,8650E+03 -1.0 910.83 
20.00 1.01325 907.60 2.12208+02 -1.0 910.83 
80,00 1.01325 868.43 1.7490E+01 LO 910.83 
15.56 1,01325 999.01 1.1990 -1.0 999.01 
98,89 1.01325 941.75 2.8250E-01 1.0 999.01 
-17,78 1,01325 21181 1,.3070E-02 1.3198 LS86L51 
10,00 6.895 4.9831 1.0670E-02 1.3622 0.70817 
17,78 68,9476 1042.35 1.4430FN -1.0 1.86131 
“17.78 13,7895 32.783 1.3520E-02 1.3198 1.86131 
10,00 34.474 26.627 1.1310B-02 1.3622 0.70817 
SESE Ca Oag. 4a 168 1.36508-02 1,3622, 0.70817 
60.00 137.895 520.04 4,171 0E-02 -1.0 1.86151 


Differential Pressures 


®A value of -1.0 for the isentropic exponent 4 indicates that the fluid is incompressibic. 


15 differential pressures (56 x 12 x 15 = 10,080). 


139,877 
201.423 
274159 
358.085 
453.201 
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559,508 
677.004 
805.691 
945.568 


1096.635 


API NPMS#14.3.4 92 MM 0732290 0506367 569 Ml 
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Table 4-C-4—Rourtd Robin Test Parameters (SI Units) 


Meter tube material is carbon steel pipe, a = 9.25 x iO in/in—°F. Orifice plate material is austenitic stainless steel, a, = 6.20 x 10inin—F. 


7 gj B a Pr 

°K Pa Pa-s kg/m? 
255.37 1,01325B405 1.8650 1.0 910.83 
293,15 1,01325E405 2.1220E-01 -L0 910.83 
353.15 1013258405 L.7490E-02 -i.0 910.83 
288.71 1.01325405 1.1990E-03 -1.0 999.01 
372.04 1,01325E+05 2.8250E-04 -1.0 999.01 
255.37 1,01325B4)5 1,3070E-05 1.3198 1.86131 
283.15 6.89476E+05 1,0670E-05 1.3622 0.70817 
255.37 6.89476E+06 1,5430E-04 -1.0 1.86131 
255.37 1.37895E106 1.3520E-05 1.3198 1.86131 
283.15 3.44738B406 1.1310B- 05 1.3622 0.70817 
338.71 6,89476B+06 1.3650E-05 1.3622 0.70817 
333.15 1.37895E407 4,1710E-05 -1.0 1.86131 


*A value of -1,0 for the isentropic exponent & indicates that the fluid is incompressible. 


AP 


06 
559.5 
2238.0 
5035.6 
8952.1 
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13987.7 
201423 
27415.9 
35808.5 
453201 


il 


55950.8 
6700.4 
80569.1 
94556,8 
109663.5 


Pipe Geometry 
Dy On Dn a, | Day a, | Dy on 
m m m m m m m m 
0.026640 0.002580 0.746150 0.149225 0.202729 0.107950 0.073670 0.055166 
0.049262 0.004961 1.200150 0.240109 0.363513 0.193675 0.102270 0.076795 
0.073670 0.007342, 0.026640 0.010914 0.746150 0.397669 0.202729 0.152003 
200150 0.363513 
40 0.746150 
0363513 0.036314 0.102270 0.041672 0.049262 1.200150 
0.746150 0.074613 0.202729 (0.082556 0.073670 0.048816 0.026640 0.021233 
1.200150 0.120055 0.363513 (0.148034 0.102270 0.087667 0.049262 0.030489 
0.026640 0.005358 0.746150 0.303808 0.202729 0.134342 0.073670 0.058936 
0.049262 0.009922 1200150 0.488553 0.363513 0.240703 0.102270 0.081756 
0.073670 0.014684 0.026640 © 0.014288 0.746150 0.494308 0.202729 0.162123 
0.102270 0.020439 0.049262 0.026194 1.200150 0.794941 0.363513 0.290909 
0.202729 0.040481 0.079670 a 00 
0.363513 0.072628 | o.102270 I | 


‘The tost matrix of 10,080 data points is formed by using all combinations of the 56 pipe gcometcy values, the 12 values for flawing conditions, and the 
@ 15 differential pressures (36 X 12 X 15 = 10,080). 


APT MPMS*D4.364 92 MM 0732290 C50b5b8 415 


SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BAGKGROUND Ey 


Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 


(Dm = 2.90039 in, a = 0.00000820 infin—F, dp = 0.57814 in, a — 0.00000825 inin—°F) 
~ Eat, ‘AP(inches HO at 60°F) 

Flow Conditions hats 2.2484 20,2360 56.2110 110.1736 224.8440) 323.7754 440.0943, 
F000, B= 14.696 psia, G,__| 1430785400] 1.35697E+00| 1181226400] 1.08585E+00] 9.99814E-01 [9.611602-01 [9.31041E-01 
= 58,199 fb/N’, px = 1,8650E+03 cP, | gy | 963210403] 5.58585E+03) 8.104Q0E+03] 1042961404] 1.37188L404] 1.5826 1E 104) 1. 788526404 
(0, py = 56. got to? GB, |3.452658101] 9823691401] 1.42523E-+02] {.83422R402) 2.41269E+02| 2 7833002] 3.1454 9H4102 
¥ 1.QQ000E+00} 1.000002+00} 1.000008-+00} |.00000E+00| 1.00000E-+00) 1.00000H+00) 1.00000H+00! 

js tcp |-s 4 4 A 4 4 4 

68.00°F, P= 14.696 psia, G 1.03233E+00] 8.307235-01} 7.69144E-01 | 7.36966E_O1 | 7.08901E-Ol | 6.96641E-01 | 6.87257K01 
9 = HOSED ILAE, 1 = 212208102 op, | g,, | 1.399290! 3.378338+031 5.2131gH403! 6.9031 1B 103! 9.6097 1F+03] 1.13392F04| 1 04IREA NE 
-L.0, p, = 56. 861 lb/ft? Q, {246107E+01] S.94(39E+01 9.16828E+01| 1.22986B+02] |.69004E+02) 1.99297 E+02| 2.2038 1EH2! 


Y” | 1.000006+00} 1.000008+-00) 1-00000E+00} LODUCOE-+0U} OCQUUE+-U0] 1.UOUUUE-10U) L.JUU0UEHUU 

Icb |-4 =) 4 3 3 3 
T= 176.00°F, Pr= 14.696 psia, G [697291B-01| 6.45881E-01| 6.31661E-01| 6.24554E-01 | 6.18538E-01 | 6.15959E-0i | 6. 14002E--01 
Pig = SADA Ub/RE, p= 174908401 oP, | gq, |9:26447Be02] 2.57445H+03] 4.19628K+03] 5.80869E+03] 8.2181 9E+03] 9.¥20726+403] 1.1421 1x04 
1,0, Dp = 56.861 Ibsit? Q, | 1.62932E401] 4.52762E+01] 7.37989E+01| 1.02156E+02] (445311402) 1.72714E+02] 2.008G0+02 
¥" | 1.00000E+.00] 1.000008+-00) 1.00000E+00] 1.000008-+00| 1.00000£+00] 1.00000E+00| 1.000008+00 

tcp 1-3 Ey 3 3 3 = 3 
= 60.00°R, P= 14,696 psia, G _[6.127166-01] 6.03868E-01| 6.016731-01 | 6.00597E-01 | 5.99699E-01 | 5.99318E-01 | 5.99032E-01 
pi 62.366 1b/f}, t= 1,1990 eP, Gy | 8 71268E102| 2,57608B+03) 4.27786E+-03| 5.978308+03) 8.52765B403| 10226711404] 1.19254B-+04 
k Py = 62.365 tov? G, | 1397025401} 4.13059B+01] 6.85929E+01/ 958583401} 1.36730k+02| 1.63979t402) 1.9121 7E+02 
1.00000E+-00| 1.000002+-00] 1.00000E+00| 1.00000E+00] 1.00000E+00] 1.00000E100] 1.00000B100 

Icp |3 2 2 2 2 2 2 
=210.00°F, B= 14.696 psia, CG, |6.024115-01) 5.992508-01| 5.984348-01 | 5.98030B-01| 5.97692E-O1 | 5.97549E-01 | 5.97441E-O1 
58.792 Ibm’, j= 2,82508-01 oP. | gq, | 8.34018E+02| 2.488091+03) 4.142608+03] 5.79572E+03] 8.27492E+03] 9.927531+00) 1-15800E+04 
= 1.0, ny, = 62.366 Inve G, | 1.33730E+01/ 3.990946+01| 6.642408+01| 9.29308H+01 | 1.32683E-+02| 1.50182F+02| 1.85679H102 
¥” | 1,000008-+00] 1.000080) 1.000008+00] 1.00000H+C0] 1.00¢00%+00] 1.000005-+00] 1.00000B+400 

Iep |2 2 2 2 2 2 2 
fF, A= 14 Gy | 602323E-01| 5.992448-01| 5.984611-01 | 5.98099E-01 | 5.97837E-O1 | 5.97758E-01 | 5.97734E-0l 
Pay = 0.13223 Tf, = F7.30700-02 eb, Gq |3.93263E+01| 1.15761B+-02] 1.87305E+02| 2.50779E+02] 3.23845E+02| 3.53105E+02| 3,63051E402 
KE 1.3198, 9, =0. 116198 toh? i 443E+02| 9 9624215402] 1.61194E+-03| 2,15821E+03] 2.78701E-+03] 3.03882F+03 | 3.12442K+03 
Xx 9,98282E-01 | 9.34540R-01 | 95705701 | 9.15832E-01 | 8.28228E-0i | 7.526488-0i | 6.63327E-O1 

Icp |2 2 2 2 2 2 2 
Fe S000F, P= 100.00 pala, G, | 6.00256B-011 5,982528-01| 5.97729E-01| 5.97474E-O1| 5.972642-O1 | 5.971768-01 | 5.971 1E-O1 


Pr p= O31 109 ibe, pr = 1.0670R-02 cP, | g,, | 6.02575E401| 1798 18H+02] 2.98261 H+ 02| 4.149228+02| 5.85056E+02| 6.94220E+02| 7.99160E+02 
k= 1.3622, py = 0.044210 Ib/t? O, | 136298E+03) 4.06737L+03 | 6.74645E+03] 938524403] 1,32336E+04] 1.57028E+04] 1.80765E+04] 
¥ 9.99755E_01| 9,97799E-01| 9.038861 | 9.88016H-01 | 9.75542E~OL| 9.6478 1E-01 | 9.52062F-11 


Icb ]2 2 2 2 2 2 2 
{7 0.00°F, Fp = 1000.00 psia, Ce | 6.000.56R-0) | 598249801 | 5.97724E-01 | 5.97466E—01 | 5.97250E-01] 5. 97 159B-Of | 5.97090E-)1 
Pry = 05,072 ibitt?, w= 15430801 cP, | gy | 8.70902E+-02) 2604000405) 4. 3) LUSSTORHI4) 1 2iz8daod 
kS-1 0, % = 0.116198 lb/ft QO, | 7.49498B+03) 2.2410UK+04] 3.73172H+04] 5.222 [SE+04| 7.45752E+-04} 8.94765R+04) 1.04377E405) 
Yy 1,000008+00] LOQQUUE+00] 1.00000B+-00] 1.00000B+00) 1.00000E-00] £,00G00E+00] 1.00000E+00) 

ICD |2 2 2 2 2 2 2 
T= 0,00°R, 2 = 200.00 psia, | 5.98801B-01] 5.97568B-01 | 5.97246E-01 | 5.97088B-01 5.96956E-O1] 5.96401 E-O1 | 5.96859E-O1 
Pap = 2.0466 ‘bee, i= 1,35208-02 cP, Ga | L.S4057E+02! 4.60757H102! 7.659618 +02) 1.05820R+03! 1516641403! 1,8005GE+03! 2.09690E+03: 
£2 13198, Pp = 9. 116198 bit? Q, | 1.32581B+03] 3,9652821-03) 6,591 86E+03| 9, 198 13B+03/ £,30522E+04) 1,55731E+04) t.804598404) 
9.998745-01 | 9,98864-01 | 9.96845E-0] | 9.938 ISE-O1 | 9.87378E-O1 | 9.81825E-01 | 9.75261E-O1 

[icp [2 12 2 7 2 2 2 
Tp=S50.00°F, Py = 500.00 psia, Gy | 5.98685E-01 j 5.97514-01 | 5,97206E-01 | 5.970S6E-01] 5.96930E-01| 5.9687GE-01| 5.968361-01 
Pry = 1.6623 tb/fE, p= 11310E-02 cP, | g,, | 1.38954E+02| 4.15886E+02| 6.92245E+02) 9.67759E+02| 1.37876E+03} 1.65079R+03/ 1.92086E+03) 
KS 1.3622, Pp = 0.044210 Ib/ft® Q, | 3.14304E+03 | 9.40707B+-03] 1.5658 1B+04| 2.1890 LE+04| 3.1 186724-04) 3.73398E+04 4.34480 +04 
y 9,99951B-01 | 9.99560B-0! | 9.98777E-01 | 9.97603E-O1 | 9,95 108E-01 | 9.92956R-01 | 9.90412E-01 

ICD 12 rs 2 2 2 2 z 
= 150.00°, 2 = 1000.00 psta, Cr | 5.98588E-01 | 5.97468E-0) | 5,97174E-01 | 5.97030E-01 | 596910201 | 5.96858E-01) 5.96820E-01 
heer Ibi}, 2 = 1.3650E-02 cP, | g,, | 1.79267E102| 5.36696L+02] 8,93703E1-02| 1.25015E+03] £.783338+03] 2.13751E+03 2.49042E+03 

k= 1.3622, pp = 0.044216 tet G, | 4054900703) L21997BHM) 20AL49Et04) 2.827 75H 104) 4.033782 04) 4. 83490B+04) 5 EE 

9.99976E-01 | 9.99780E-01 | 9.99389E-01 | 9.98802E-01} 9.97554E-01 | 9,96¢78E-01| 9.95206E-01 

ICD |2 2 2 2 2 2 2 
77 = 140,00°F, F = 2000.00 psia, C, | 5.98426E-01 | 5.97392E-01 | 5.97121E-01 | 5.96987B0b | 5.968751 | 5.968280] 5.96 /92E-OL 
Dep = 32.465 If, 4 = 4.1710B-02 cP, 4%, | 6.14864E+02] 1.84143E+03| 3.06764E+03} 4,2937411 03] 6.13277E+03] 7.33874E+03| 8.58468E+03) 
£=-1,0,p,=0, 116198 Ibi? QO, | 5.29152E+03! 1.58473E+04| 2.64001E+04] 3.69519H+04| 5.27786L +04] 6,33293E+04} 7.38797 E+04| 
Yy 1,.Q0000E+00) 1.00000B+00| 1.00000E+00] 1.0G000B+00| 1.00000E+00| 1.00000E+00/ 1,00000E +00) 

IcD [2 2 2 2 2 2 2 
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82 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT: 
Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 
(Dp = 4.02638 in, of = 0,00000620 in/in—-°F, a= 6.80486 in, oy = 0,00000526 in/in— 
Ae AP(inches H,Q at 60°F) 

Flow Conditions Value 2.2484 20.2360 56.2110 110.1736 | 224.8440 | 323.7754 | 440.6943 
00°F, P= 14,696 psia, Gy, | 1429426400] £,23678E+00] 1,08598E+00] 1.00447E+00] 9.31233B-O1] 8.98444E-O1| 8,72053E-01 
38.199 Home = 1,8650E103 oP, | g,, | 3.80010E+03] 9.86394E+03] 1.44354B+04| 1.86928E+04| 2.47569E+04] 2.86622E+04| 3,24905E404 

, | 6683146401 | 1.73475E+02| 2.53872E+02| 3.28745E+02| 4.35393E402| 5.04075E+02| 5.71402E+02 
¥ | 1.000008+00! 1.00000E+00] 1.000008+00] 1.00000B+00] 1.90000R+00! :.0n0008+00! 1.000N0F.00] 

: Ic |-5 5 -4 4 4 

Gj | 9.58872E-01 | 7.88535E-01 | 7.372028-01 | 7.10577E-0 iL 

: 5.660 ITP, = 2 12205402 cP, | Gj, | 251838403) 6.21308B+03) 9.681028+03] 1.306395 4 

| k= -10, 9, = 56.861 Ib/f? @,, | 4.42901E+01| 1.092688+02) 1.70258E+02j 2.29752E+02| 3.17554%+02] 3.75900E+02| 4.33 127E+02 

¥ | 1,00000E+00| 1.00000H+00] 1.000008+00] 1.000002+-00] 1.00000E+00) 1.00000E+00| 1.0C000E+00 
| ICD |-4 4 3 =3 3 3 3 
Cy |6.779848-01 | 6.362198-01| 6,24766-01 6,19050E-01| 6.14205E-0i | 6.12122E-01 | 6.10537E-OL 
gq, | 1.74528E+031 4.91336E1031 8.04(50F403] 1.115517+04) 1.58111 F404! 1.89090F+04| 2.20034E 404 
Q, | 3.069388+01 | 8.641002+011 1414242462} 1.96182E+02] 2.780671402| 3.32548E+02 | 3.86968E+02| 
¥ | 1,00000E+00} 1.00000B+-00} {.00000E+00} 1.000002+00) 1.00000E+00} 1,00000E+00) 1.00000E+00| 

IcD i-2 a 2 3 ay f = 
= 60.00, P= 14.696 psia, €, | 6.09491E--01 | 6.02522E-01| 6.0078013-01 5.999268-01| 5.99213E-01 | 5.98911F-O1| 5.98683E-01 
2.366 Ib/E?, z= 1,1990 oP, Gu | 1.67919B+03) 4,98002E+03] 8.27602H+03] 1.15700E+04| 1,650891+04] 1.98007E+04| 2.30920B+04 
0, 2, = 62.366 | ibatc? Q, | 2.69248B401{ 7.985 1SE+01) 1.32701E4+02) 1.85517E+02| 2.64709E+02) 3.17491B+02| 3,70266E+02 
L.000008+00) 1.000006+00] 1.00000E+00) 1.00000H+00) 1,00000B+00) 1000002409] 1.00000E+00 

ICD |-2 2 2 2 2 2 2 
= 210.00°F, Fr= 14.696 psia, G |6.01365E-01] 5.98864E-01 | 5.9820913-01 | 5.97888E-01| 5.97619E-01 | 5.97505E-01 | 5.97419B-O1 
8.799 Itvit®, == 2.8950E-01 cP, | g,, | 1.61310E403| 481927403] 8.023232403] 1.12265k2=04| 1.60306E+04| 1.92331E404| 2.24354B 404 
0, py = 62.366 Ibi? Q, | 2,58650B+01) 7727318401) 1,28648B102) 1. 80010E+02) 2.57041E+02) 3,08391E+02) 3.59738E402 
1.00000E:-00] 1,00000E:-00] 1.00000E+00] 1.00009E--00} 1.00000E+00] 1.00000E+00] 1.00000B+00} 

Icb |2 2 2 2 2 2 2 
P= O00'F, Fy = 14.696 psia, Gj [6.01295H-014 5.9885 18-01 | 5.98230E-01 | 5.97942E-O1| 5.97734E-01 | 5.9767 1E-OI | 5.97652E-01 
13223 Ibiit?, p= LSOTOE-O2 oP, | oy | 7.60645E+01| 2.24 1408+02} 3.62761E+02| 4,85759E02| 6.27337E+02| 6.84035E+02] 7.03308E+12| 
3198, pp = 0.116198 IA? , | 6.5461 1E+02} 1,92895E403] 3.12192E403] 4.18041B+03] 5.39887E103| 5.88680E+03 | 6.05267E+03 
¥ | 9,982826-01 9.84540E-01 | 9.57056E-01 | 9.15830B-O1 | 8.28225B-01 | 7.52645E-01 | 6,63322E-01 

icp |2 2 2 2 2 2 2 
°F, P= 100) G, |5.99655H 01] 5.980648 011 5.976488-011 5.974468-01] 5.972780 | 4.97208R-DI | S971STFOL 
31109 Ib/ft?, A = 1,0670B-02 cP, | gq | 1,16632E+02) 3.48287E+02| 5.77799E+02| 8.03869E+02| 1,13357E+103] 1345128403] 1.54848E+03 
3622, py, = 0.044210 Ib/ft? Q, | 2.63813B+03| 7.878018+03) 130694E+04] 1818308404] 2.56405E+04 | 3,04256E+04| 3.50256E+-04| 
FY |9,9975SE-O1 | 9,97799201 ; 9,93885E-01 | 9,88015E-O1 | 9.75542E-O1 | 9.64780E-01 | 9.52062E-01 

= Icp |2 2 2 2 2 2 2 

F=0,00R, F = 1000.00 psia, G  |5.99655E-01|5,980622-01| 5.97644E-O1| $.97439E-01 | 5.97267E-O1 | 3.971 4E-01 | 5.971408-01 

Prp = 65.072 Ib/l, jt = 1.5430B-01 cP, | ¢,, | 1685686403] 5.04364E+03| 8.40019E+03] 1.1 75626404] 1.67898R+04] 2.01453B+04| 2.35007B+04 

k= 1.0, py = 0.116198 lb/ft? | LASO69E+04) 4.34056H+04| 7.22921B +04] 1.01174E+405] 1.44493E+05| 1.73370E+05| 2.02247E+05 

1,00000#+00! 1.00600E+00] 1.00000E+00! 1000008400] 100000400! 1,00000F.00! 1,00000R+00 
cD |2__ 2 2 2 2 2 B 
Cz | 5:985002-O1| 5.975202-01| 5.972648-01] 5.97138E-01 | 5.97033E-01 | 5.96989E-01 | 5.96956E-01 
Gm | 2-98333E+02) 892641802) 1484098403 2.07087E+03 | 2.93885E+03 | 3.50053B+03 | 4063388103 
| 2.55746E+-03) 7,68207E+03] 1,27721B +04) 1.78228E+04} 2.52918E+04 | 3,01772E+04 3.49694E+04 
Y — |9,99874E-01| 9.98864B-01 | 9.96845E-O1 | 9,93815E-01 | 9.87378E-01 | 9,81824E-01 | 9.75261E-01 
Ich |2 12 2 j2 2 2 2 

T= 50,00°F, F = 500.00 psia, G4 3.98408E01f 5.97477B-01 | 5.97232B-01 | 5.97112B-01 | 5.97012E-01| 5.96969E-01 | 5.96937E-O1 
Pp = 1.6623 Ib, z= 1.1310E-02 cP, | g,, | 2,690978+02] 8.05727E+02| £.34128E+03) 1.87520E+03] 2.6717 1E+03| 3, 1988974031 3,722288+03 
K= 1.3622, p, = 0.044210 Ibvit? G, | 6.086798+03] 1.82250F4.04] 3.03388E404 | 4.24158B404| 6.043236404| 7,23568E+04| 8,41955E+04| 
Y _ |9.9995111-01} 9.99560E-01 | 9.98777E-O1 | 9.97603E-01 | 9.95108E-01 | 9.92956E-01 | 9,90412E-01 
Lich |2 2 2 {2 = 2 2 ] 
F = 0.00°F, P= 1000.00 psia, Gy, | $.983318-01| 5.97441 E O1] 5,97207E-O1 | .97092E-01 | 5.96996B--01 | 5,96955E_01] 5.96924B-01 
2.7573 I/O, = 1.3650E-02 oP, | dp, | 3.471808+02| 1.03980E+03) 1.73164E+03 | 2.42240E+03| 3.45569E+03| 4, 14208E+03| 4.82601E+03 
& ‘ft 2, 7.85297E103| 2.35 195E+04) 3.9 16841104) 5.47931 K104) 7.81655 t04] 9.369 10E+04| 1.09161E+05 
| ¥ — |9,99976E-01| 9,99780E-01 | 9.99389B-01 | 9.98802B-01 | 9.97554E-01 | 9.96478E-01 | 9.95206r2-01 
ICD [2 2 |2 2 2 2 2 

F = 140.00°F, 2 = 2000.00 psia, | 5.98202B-01 | 5,97380E-01 | 5.97164E-01 | 5.97058E-01 | 5.96969E-01 | 5.9693 1-01 | 5.96902E-01 

Pup = 32.465 Ib, f= 4.17108-02eP, | g,, | 119085403) 3.567682+03) 5.94307E+03] 8.3200KE+03] 1.18840E+04| 1,4260024-04| 1.663581+.04 

221.0, p= 0.116198 Ihe Q, |1o2dasRsoal 3.07034R404! 5.11538R+04! 7, 16026F+04! 1,02274R405! 1,29791FL0s1 1.421 68R.05! 

¥ | 1,09000E+Co| 1.00000+00] 1.00006E+00| 1.00000E+00| 1.00000B+00| 1.00000B--00[ 1.000008+-00] 

L IcD |2 2 2 2 2 z 2 


Copyright por American Petroleum 
Sat Nov 03 21:56:28 2001 


Institute 


q 


6 @ 


API MPMS*L4.3-4 42 MM 0732290 0506370 073 a 


SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 83 


@ Table 4-C-5—Selacted Round Robin Test Results Matrix—US Units 


$8146 in, B= 6,00000620 in/in— °F, dm = = 1.0064 in, oO = 0.00000928 in/in— °F) 


Cell AP(inches 11,0 at 60°F) 


Value | 2.2484 20.2360 so2ti0 | 110.1736 | 224.8440 | 323-7754 | 440.6943 


C, | 1.38360E+00) 1.04031E+00} 9,31428#-01 | 8.73195E-O1 | 8.2138 1-01 | 7.9838 1E-01 | 7.80600E-01 
Pip i = 1,8650B+03 oP, | da | 1.44285R+04| 3.25461E+04} 4.85661E+04| 6.374168+04} 8565628404 | 9.99092E+04| |, I3965E+05 
k=-1.0, p, = 56. Sel Toa? Q, | 2.53750E+02| 5.72379E+02] 8.54120E+02) 1.12101 E+03) 1.5306418+03) 1.75708E+03) 2,00427E+03 

Y 1.00000E+00) 1.00000E+00! 1.000005+-00) 1.00000H+00) 1.000008+00! 1.000008-+00) |. OUQG0E+00 


IcD |-5 bol Dae? 4 A 4 4 4 | 
Cy | 8.40868EN1 | 7.22461 E01 | 6.87816£-01 | 6.701 LE-O1 | 6.54928E-01 | 6.48378E-01 | 6.43399E-01 


2 2.65095E+03! 2.932041-04! 3.543 oneal 4 g3ocgtend! 6 74737 EaG4| 8 OISR7EO4! 9 280edRa Od 
Gy | 8.56295E+03) 2.23294R+04) 3.543 1OE+04) 4 85266 E04) 6747378404) 8.01587B+04| 9. 28004E +04 


Q, | 1.52353E+02) 3,92702E+02) 6,2311GE+02) 8.499078+02) 1.18664E403] 1.40973E+03} 1.63206E+03 
¥ 1.00000E+00) §.00000E+00| 1.00000E+00) 1.06000E+00] 1.00000E+00) 1.00000E+00} 1.00000E+00) 


k= 10, "Dy = 56. feline 


icb [4 -3 3 =3 =3 =3 33 


Ty = 176.00°F, Fr = 14,696 psia, Gr | 6.48724B-01 | 6.218 15SK-OL} 6.14499B~O1 | 6,10828E-01 | 6.07674E-01 | 6.06292E-01 | 6.05308E-01 

f 4.24 Ibe, H= L7490E+01 cP, | ¢,, | 6,55063E+03] 1.88369E+04| 3,10254H+04] 4.31761 £+04] 6.1361 7E104| 7,.34665E104| 8,557 19E+04 

K=-LO, p, = 56.861 Ibi O, | £.15204H+02} 3.312808+02) 3.45637H+02) 7.59328E+02) |.0791 56403) 1292046403] 1.50493B+03 
¥ 


| 1,00000E+-00) 1.000002+00] 1.00000E+00) 1.00000E+00} 1.00000E+00) 1,00000L+00] 1.00000E+09| 


4 


1 3 a 2 2 2 2 

60.00°F, Fy = 14.696 psia, G, | 6.04604F-01 | 6.00563R-01 | 5.99481E-01 | 5.98950E-01 | 5.98507E-O1 | 5.98319E-01 | 5.98178E-01 
2.366 Ib/E, pe 90 cP, Gn | 6.53499E+03} 1.947 12E+04 | 3,23935E404] 4.53 1086404) 6.468 1 BE+04) 7.75938E+04| 9.05046E+04| 
G, py, = 62.36 71.04784E+02 | 3. 5.19410E+02, +02) 1.0371 3B403) 1.2441 76+03| 1.451 198+03! 
1.00000E+00) ‘-omonmeo {00000109 1,00000E+00) 1.00000£+00] 1.00000E+00] 1.00000E+00: 
2 2 2 2 2 
= 210,00°F, Ps 14.696 psia, CG, |5.99845E-01 Scans 597883201 5.9T682E-O1 | 5.97515E-Ol | 5.97444E-01 | 5.97390E-01 


8.792 Ib/ft, yt 2.8250E-0! cP, Gn 6.31 1S8E+03] 1.88859E+04] 3.145491+04} 4402226404] 6.28712E+04| 7.54365R+04| 8.8001 FR+0E 
66 the 1,01202E1-02] 3,02823F.02| 5.04361E+091 7,05868E+021 |.00810F+03! 1. 3! £4 1105B+03 


1,00000E4-00] 1.090001z+-00| 1.000008-00| 1.00G00E-+00| 1.00000E:400] 1.00000E+00| 1.000008+00 
IcD |2 2 2 2 2 2 2 


: T= 0.007, F = 14.696 psia, Cy | 5.99801E-0i | 5.982820-01 5.97895E-Olj S.9TH6K-01| 5.97586E | 5.975471 | 5.97535E-01 


Pop = 0.13223 Ib/t?, f= 1.3070E-02 cP, | g,, | 2.97631E+02] 8.73380E+02| 1.42218E+03] £.90471E+03} 2460206403! 2.682666+03) 2.75828E+03 


= 1.3198, p, = 0.116198 lb/ft? 2.5614 1E+03] 7.55934E+-03| 1.22393E+04| 1.639208+04| 2.1 1725E+04/ 2.30869E+04 | 2.37377E+04 
Py 7 
¥ 

IcD |2 2 2 2 2 


9,98282E-01 seaisad Aaa 9,15831B-O1 | 8.28226E-O1 | 7.52646E-01 | 6.63323E-01 
2 5 


Tes S0.MF, Ppa 1000 Gy, | 5.98782B-011 5.97792R-O1 


21109 Ibe, 4 1.0670E-02 cP, | ¢,, | 4.56835E+02) 1.365581+-03) 2.26605E403| 3.15307E+03) 4.44673E+03| 5.27683E+03] 6.0748 1E+03 


5.97533E-O11 5.97406R-01| 5.97301E-O1 | 5.97258R-01 | $.97225E-91 


D.O975SE-O1 | 9.97799H-O1 | 9.93885 2-01 | 9.88016E-01 | 9,75542E-01 | 9,64780B-O1 | 9.52062E-01 
IcD |2 2 2 2 2 2 2 


=000°R, B= 1000.00 psia, GQ 5.087818.01| 5.977908-OL 5.97530B-01 } 5,97402B-01 | 5.97294E-O1 | 5,07249E-O1 | $,07214E-01 
5.072 Ibi, f= 1,5430E-01 cP, Gnu | 6.60264B+03| 1.97753E+-04 | 3,294458+04) 4.61 124B+04) 6.586318+04| 7,90296L+04| 9.2 1959E+04| 
0, Ppp = 0.116198 lb/ft? QO, | 5.68223B+-04] 1.70187E+05] 2835208405] 3.96844E+05| 5.668178 +05] 6.80129E+05 | 7.93438E405 
¥' | .00000E+00] 1.09000+c0! 1.000002+00) 1.00000E:+00} L_00000E-+00| 1.000050] 1.c0000E+09 

IcD [2 x = 2 2: 2 _ 2 oa 
F=OO0E, B= 700.00 psi, G, | 5980635 01] 5 974535 01| 5.972923-01[ 5.72131 01] 597147B-01| 597120E-O1| 5. 97099E-O1 
208-02 fy | 1180408109! 3.501 101031 5.821808103) 8. 12468H 1031 115307H 104) 1 37578E +04! 1 50490H 4 

3198, py = C.LIGI9B Ibi? 3, Loossatsens| 3.0130st¢04] S0LoDaeea| Goszlbb-o4| 9 p2a9 E04) LsanoEsas] LaTansLeos 
= 9.99874E-O1 | 9.98864B-01 | 9.96845E-01| 9.93815E-O1 | 9.87378E-O1 ieureaseh 9.75261E-O1 


ied 12 Zz z Zz 2 Zz 


2s, 
ke 


He 50.00°F, Py = 500.00 psia, Cy | 5.98006E-01 | 5,97426B-01 | 5.97273E-01 | 5.97197E-01 | 5.97 134E-O1 3OT108E-O1 5,97088E-O1 
6623 Ib/ft, pe = 1.131002 oP, Cm 1,05486E+03 | 3.16029E1-03} 5.26168E+03| 7.35677E+03| 1.04823E+04| 1.25510K+04] 1460486404 
£2 13622, 09 = 0.048210 Ibm? Q, | 2,38601E+04| 7,14837E+04} 1.19016E+05| 1.66405E+05| 2.37 02E+05| 2.83894E+05| 3.30350E+05 
¥ 9.9995 1E-01 | 9.99560F-01 | 9.98777E-01| 9.97603E-D1| 9.95 LO8E-O1 | 9.92956E~01 | 9.90412E-O1 
Icp [2 2 2 2 2 2 2 


Tf = 150.00°F, = 1000.00 psia, Gy) 5.97958E01| 5.97404E-01 | 5.97257E-01] 5.97 185E-D1| 5.97125E-O1| 5.97099E-01 | 5.97080E-01 
Pay = 2.7573 loft, f= 1,3650E-02 oP, | q,, | 1.36101E+03] 4.07848E+03} 6.79313E+03] 9.50365E+03) 1.35583E+04| 1.625178+04) 1.89355E+04 
Ka 1.3622, fp = 0.044210 ie? G, | S.O785iB+04) 9.225238 04) §.5365GER 405) 2.1486GE 205) 3.06080E+05) 3.676038405) 4283098405 
¥Y | 9,99976E-01 | 9.99780E-0 1 | 9,99389G-01 | 9.98802E-01 | 9.97554E-01| 9.96478E-01 | 9.95206E~01 
IcD |2 2 2 2 2 2 a 


‘G = 140.00°F, A= 2000.00 psia, G ~~ | 5.97878E-01| 5.97366B-01! 5,97230B-01 | $.97164E-01| 5.97 108E-01 | 5.97084B-01 | 5.97066E-01 
2.465 IDC, w= 4 170E-02 cP, |G, | 4.66872B+03} 1.39943B+04} 2,33 185E+04) 3.26423E+04) 4.66275E+04] 5.59507E+04) 6.52739E+04 
.0, , = 0.116198 Tort? Q, |4.01790B+04} 1.20435E+05 | 2.00679 105] 2.80920E105] 4.01276E+05| 4.81512E+05) $.61747E+05 
Y L,0COG0E+00} 1.000008+00] 1,000C0E+00] 1.00000E+00) L.00000E+C0) 1.00600E+00) 1.00000E+00 


ICD |2 2 2 2 2 2 [2 


Pep 
| eet 3622, p, = 0. quani0 wwe? Q, | 1,03333E4+-04} 3.08884E+04] 5.125652+04| 7.13202E+04| 1.00582E+05) 1.19358E+05| 1.37408E+05 
¥ 
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94 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 
Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 
Dm = 14.31154 in, a = 0.00000620 in/in-°F, Gy = 2.85997 in, or = 0.00000925 in/in-°F 
fa | APGnches 1,0 al 60°F) 
Flow Conditions Male 2.2484 20.2360 56.2110 110.1736 224.8440 323.7754 440.6943 
Tra OPE, Py = 14.696 psia, G 1,17826E+00] 9,17031B-0 1 | 8.35608B-01 | 7.92546E-01 | 7.54610E-01| 7.37907E-O1 | 7.25060L-01 
Prp = 58.199 Ib, = 186508403 cP, | g,, | 3.9551TE4041 0.23478E404| 140247K105] 1.26997F4-05] 2.53305R+05| 2.97237E405| 3.407408 405 
h Pp = 56.861 fee @, | 6.95574E+02) 1.62410E+03| 2.46649E+03] 3.27513E+03) 4.45480E+03] 5.227441403] 5,99250R403 
Y | 1.00000E-+00] 1.00000800] 1,00000E+00] 1.000008--001 1.00000B-00! 1.00000H+00) 1.00000B100 
Icp |4 4 +4 -4 3 3 3 
CG | 7.688328-01 | 6.835238-01 | 6.591738-01 | 6.468658-01 | 6.36388E-01| 6.31890E-01 | 6.28479E-01 
Gm | 254062404) 680022404) 1.092995+05) 1.5016: 2,11043E+05| 2.5 1461H405 | 2.9 1788E4+U5, 
Q, | 4.48395R+02] 1.19594F403] 1.92222R403] 2.64NR6+03) 3.71 1S9R+03| 4.4993RF403) 5.191 60R403 
¥y 1.00000E+00) 1,00000E+00] 1.00000H+00] 1,.00000E+00] 1.00000B+00; 1.00000E+00; 1.00000E+00) 
IcD |-4 3 3 3 | 3 
Dea 00°R, Fr = 14.696 psia, Cy = | 6.32128F-D1 Gopal 6.0R8682B1H | 6.06089R-01 6.02656E-01 
4 = LIAQ0E+01 cP, | g,, | 0,80279F404! 1470018405 S| 2, 742408408 
56. 61 Wot Q, |3.61343E1+02 i genious 1.73972E+03 | 2.42523E+03] 3. | 4138308403 4,82299E+03 
1,00000E+00] 1.00000B+-00] 1,00000E+-06] 1.c00002+00 1090001400 1.000008400} 1.000080! 
Ted 3 3 2 =2 2 2 a 
T= 60.00F, P; = 14,696 psin, G, | 6.02246E-01 | 5,99492B-01 | 5,98771E-O1| 5,98417E-01 | 5,98121E-01 | 5.97995E-01 | 5.97901E-01 
Pap = 62.366 Ibft, je= Le 1990 cP. Gy | 2.09503B+04| 6.25640B-H04] 1.04 1485405] 1.4572 1E+05] 2.08069E-+05| 2.49631 E+05| 2.91190B+05 
k 5-10, p, = 62,366 Ibe Q, | 3.35925E+02| 1.00317E+03! 1.66994E+03| 2.33654E+03| 3,336268+03| 4.00268E+03| 4.66905E+03 
Y 1.00000E+00] 1.00000L+00] 1000002400) 1.00000E+00] 1.00000E+00| 1.00000E+00| 1.00000B+00 
Icb |2 4 2 2 2 2 2 
B= 210.00°F, Pr= 14,696 psia, G, [5.99014E-01 | 5.97977E-01 | 5.97704E-01 | 5.97570E-01 | 5.97458E-01 | 5.97410E-O1 | 5.97374E-01 
ip 758.792 Inve, #=2.8950B-01 oP, | dy | .0288212+04] 6.07507E+04| 1,012208+05} 1.11676E+05] 2.02356E-105) 2.42208H 105] 2.842591:105 
2-18, 2, = 62.366 iit? G, | 3253081102) 9742440402) 1.62300H+03) 2.27 1698403) 3.24406R-H03 | 3,89328R403) 4.541 885403 
Yy 1,00000E+00) 1,00000E+00] 1.00000E+00] 1.00000E+00} 1.00000E+00; 1.00000E+00) 1.00000E+00 
ICD {2 a 2 2 2 2 2 
‘= O.00°R, Py = 14.696 psia, CG, | 5.98984B-01| 5.97970E-01| 5.97712E-€1| 5.97592E-01| $.97505E_O1 | 5.97479E-O1 | $.97471E-O1 
Pry = 0.43223 5 Ib/ft3, H=13070B-02 cP, | gy, | 9.56737F402) 2825947403] 4,57643E+03) 6,12979E+03] 7.91 805E+03/ 8.63419E+03] 8.87763E+03 
R= 1.3198, 9 = 0.116196 lb? Q, | 8.23368E+03| 2.43200E+04] 3.938485+04| 5.27530E+04] 6.8142 7E404| 7.43059R+041 7.64009B+04 
9,98282E-01 | 9.84540B-01 | 9.57056E-01 | 9.15831E-01| 8.28226E-01 | 7.52645E-01| 6.63322B-01 
2 2 2 2 2 2 2 
SOGAOAH-O1 SOTGSIEP OL 5 O7aGDE-Ol tS O7SB4E- G1) 5.973140 O01 SST ERSE a (SS 7eeuLOL 
1.46933E+03] 4.39455E+03] 7.29340B-03) 1.01490E+04| 1.43139F+04| 1.69863F-404] 1,99554+04 
3,32353E+04| 9.94017E+04) 1.64972E+05] 2.29564E+05] 3.23770E+05| 3.84219E+05] 4.42330B+05 
9.997 55-01 | 9.977991-D1 | 9.93885E-01 | 9.880158-01 | 9.75542E-01 | 9,64780E-D1 | 9.52062R-01 
2 2 2 2 2 2 2 
| 5.983040-01 | 5.976420-01 | 5.974670-M1 | 5.97581 E-O1 | 5.97309T--01 | 5.97278B-01 | 5.97255E-O1 
65 a2 in/tt’, He 1 5430R-01 eP, |g, | 2.12363E+04] 6.36389B+04| 1.06034H+05| 1.48426E+05| 2.12011E+05| 2.54401B405| 2.96789R4.05 
ee: P, = 0.116198 lb/ft? Q, | 1.82759E+05] 5.47676E+05| 9.12526H+05| 1.27735E+06| 1.82457E-+06] 2.18937F206| 2.5541 7406] 
¥ 1000008200! 1,98000800! 1.000008+00! | 000008460! 1600008100) 1.000008-+00! 1,000002-400) 
IcD [2 2 2 2 2 2 2 
.00°F, ¥-= 200.00 psia, G [597824801] 597416201 | 5.97208E-01 5.972108-01[5.97191-O1 | S971T7E-O1 
Pup * 2.0466 init, ja = 1.3520B-02 oP, | g,, | 3.76265EH03) 1.12690R104) 1 874028404 | 3.74185E104 | 4. 5.13253E+04 
Ka 1.3198, py = 0.116198 lb/ft? Q, | 3.238 14404) 9.698071+04) 1.61278E+05 2250846405 | 3.19441E405] 3.81162E-+405! 4.41 706E+05| 
¥ 9.99874E-01 | 9,98864E-0t | 9.96845E-Ol | 9,93815E-O1 | 9.87378E-D1 | 9,81824B-01 | 9.75261E-OL 
ICD |2 2, 2 2 2 2 ae 
T= 50.00°F, P= 500.00 psia, Cy = |5.97786E-01| 5.97397E-01 | $.97205E_O1 | 5.97244 ROL | 5.97201EO1 | 5.071830} | 5.971 70B-01 
Pip = 1.6623 MY, p= 1131002 cP, |g, | 3.30422134031 L.O1729F0d! 1.6 2,368258404| 3,37451E 104] 4,04053B1041 4.701 77E404 
22 1,362, p, = 0.044210 fost? G, | 7.67750R:.04| 2.30087E+05| 3.83113E+05| 5.35682E-+05| 7.6329 1F+05| 9.13941F405| 1.06351%406 
¥ 9.9995 1E-01) 9,99560B-01 | 9.987775-O1 | 9.97603E-01 | 9.95 1082-01 | 9.92956E-)1 | 9.90412E-01 
icp |2 2 2 2 2 2 2 
7 = 130,00°F, B= 1000.00 psia, G, [59775501] 5.97383E-01| 5.97284E-01| 5.97236E-01 | 5.97195E-01 | 5.97178E-01 | 5.97165E-01 
Pry = 2.7573 ind, = 13650R42 cP, |g, |4.37944R103] 1.31277 E 04] 2.18674 R404] 3.05038T404| 4 36470R 404 | §.29194F +04 | 6.00601E +04) 
k= 1,3622, py = 0.044210 Int? Q, |9,90600E+04| 2.96940E+05] 4.94625E+05| 6.9201 1E+05] 9.87286E405] 1. 18343B+06] 1.37888E+06 
¥ 9,99976E-01] 9,99780H-01 | 9.99389E-Of | 9.98802EO1 | 9.97554E_01 | 9.96478E-01 | 9.95206E-01 
IcpD |2 2 2 2 2 2 2 
F = 140.00°R, Fr = 2000.00 psia, G, |5.97701R-01] 5.97357F-01| 5.97266F-01 | 5.97221F-01 | 5.97183E-01 | 597167201 5.97155E-01 
Pip = 32.465 Ib/it}, j= 4.1710B-02 cP, |g, | 1.50237H+04] 4,50455B+04] 7,506448404] 1.050828105| 1.50108F405| 1.801256+05| 2.1014 16405) 
& g bre? Q, | L2D2OFEIOS) 2.87662H105) 6 460048105 | 9.04338E105 | 1,20183H106) LSSOLSE+O6) L80847E+06 
XY 1.00000E+00) 1.00009E+00] 1,00000E+09] 1,00000E+00) 1,00000E+00) 1.C0000E+00} 1.00000E+00| 
Icp |2 2 2 2 2 2 2 
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SEGTION 3—CONCENTAIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 85 
lable 4-C-5—Selected Hound Hobin lest Results Matrix—US Units 
Din = 28,37598 in, a = 0.00000620 inin—F, dd, = 5.87500 in, a, = 0.00000925 in/in°F 
cot | APGinches 10 at 60°F) 
Flow Conditions Value | 9.2484 20.2360 56,2110 110.1736 | 224.8440 | 323.7754 | 440.0943 
0.00°F, 2 = 14.696 psia, C; | 9:91422B-01} 8.075978-01 | 7.51815E-M | 7.22773R11 | 6.97516B-D1 | 6.86507E-01 | 6.78091B-01 
is 8.199 Ib/it?, f= 1.B65UL+03 eR, | g,, | 140492H+051 3.43331 E4105] 5.32694E+05| 7.16964E-+05| 9.88442E8+05| 1.16741E+06] 1.34528E+06 
£210, p, = 56.861 Ib/f? Q, | 2.47080F+03} 6.03808E+-03] 9.36836E+03] 1.26091E+04] (.73835F+04] 2.05309E+04| 2.36501B+04 
Y | 1.000008--00] 1,090002+00] 1.00000E+00] 1.00000E+00] 1.000002+00] 1.000008+00/ 1.00000E+00 
icp {-4 4 3 =3 =3 3 =3 
= 14.696 psi, G |7.06945E-O1 651218201 | 6.35725E-01 | 6.27969E-01 | 6.21400E-01 | 6.18585E-01 | 6.16449E-01 
2,12208+02 oP, | gq, 19.89705H+04| 2.73500H+05| 45004405] 6.15405E405] 8.69952E 105] 1.03921E+05) 1208295106 
Q, | 1.74057E+03) 4.81014E+03] 7.82617E+03) 1.08230E+04| 1.52996E-+04| 1.82764E+04) 2.12488E+04| 
Y | 1,00000H+00) 1.03000E+-00] 1.00000E+00] 1.00000E+00} 1.00000E+09] 1.00000E+00] 1.00000E+00 
pice [3 =3 3 3 3 3 3 
= 176.00°R, B= 14.696 psta, G, |6.18734E-01] 6.07105E-01 | 6.04084E-01 | 6.02653E-0t | 6.01458E-01 | 6.0095 1-01 | 6.00570B-0! 
54214 bit, j= 1 A900 cP, | gj, | 849004F204] 2.49916E+05] 4.14454E+05} 5.788626+05| 8,25305E+05| 9.89532E+05} 1.15372E+06 
£=-10, py = 36.861 Ibyt Q, | 1.49312E+03] 4395220403] 7.28890E+03} 1.01803E+04| 1.451441:+04| 1.74027E+04 | 2,02902E+04 
¥ | 100000100] 1.09000E+-00] 1.00000E+00} 1.00000E+00} 1.00000E+00] 1.00000E+00] 1.000006+00 
icp |-3 2 z 2 2 2 2 
00°F, Py = 14.696 psia, Te; [6.0032 15-01] 5.98647E-01| 5982088011 5.979926-01 | 5.97812E-01] 5.97730E-01| 5.976780 
2.366 Ib, jt = 1.1990 cP, 4, | 8.81607E+04] 2637476105] 4.39256E105| 6.14737E105| 8.7793 1Et05| 1. 
Dy = 62.366 Invi G, | 14130GH+03) 4.229031 03) 7.043208403) 9.856938403) | 4O771E 40d) 1 
¥ | 1.00000E00] 1,09000E+00} 1.60000E+00} 1.00600E+00] 1.00000E+00 
ICD |2 e4 2 2 2 
Ts 210.00°F, Pr = 14.696 psia, C, | 5.98357B-01| 5.97725E-01 | 5.975S8E-01 | 5.97476E-01 | 5.97407E-01 | 5.97378E-O1 | 5.97355E01 
8.792 Ibi, 1 = = 2aD50E -OleP, | g,, | 8.555441+04] 2.56395E+05] 4.27205B+05| 5.98C04E+05| 8.54193E+05! 1.02498E106| 1. 19577E+06 
fe 10\p, = &2. 366 Ibvft* Q, | 1.371818+-03] 4.11 13E+03] 6.84996E+03] 9.$8863E+03| 136065104! 1643408041 1.91734E204 
Y__ | 1.000008+00| 1.09000E+00] 1.00000E+00] 1.000008+00] 1.00000E4+00! 1.00000E+00| 1.00000E+00 
Icp |2 2 2 2 2 2 2 : 
Orr? Dy = 14,696 psia, Cj | 5.98338E-01 | 5.97720E-O1 | 5.97502E-01 | 5.974898-O1 | 3.97435R-01 | 5.974 19E-OL| 5.974 14E-O1 
223 Ib/it?, pt = 1.3070E-02 cP, | g,, | 4.03460E+03] 1,19250E+04} 1.93150B+04] 2.58730H104| 3.34228E104 | 3.6446412+04| 3.74741 G04 
» Pp = 0.116198 bie? Q, | 3.4721 7604] 1.026261+05} 1.66225E+05| 2.22663H+05| 2.87637E+05  3.13657H+05| 3.22502E405 
¥ | 9.982824-01) 9.849408-01} 9.57090E-O1 | 9.15830B-0i | 8.28225E-O1 | 7.52644H-01 | 6.63520t-01 
icp |2 2 2 2 2 2 2 
50,00°R, Pr = 100.00 psia, G, 15.97924E-0115.97520E-01| 5.974 14-01 | 5.97361E-01] 5.97318E-O1 | 5.973008-01| 5.972R4F-01 
31109 fbvt?, j= 1.0670E-020P, | g,, | 6.19898E+03] 1.85482K+04| 3.078608 4.28433E 404] 6.04277E404 7.1711 1B404] 8:25587E404 
2 1.3622, py = 0.044210 Ibi Q, | 1402176605] 4.19547E+05| 6.96378E+05| 9.69087E+05]| 1.36683E-+06, 1.622062+06] 1.867418+05] 
Y — | 999755601 | 9.97799B-01| 9.93885E--01 | 9.28015E-O1 | 9.75542E 01 | 9.64780B OL| 9.52062E OL 
icp |2 2 2 2 2: 2 2 
(ou 2 2: ean TSF) § 972061 | 9.07987FO1 
Qn Et 34E405 | 1.07401 B+06) 1.25298E+06) 
Q, Tn0asHe05 2.31 159406] 5.39227E+06| 7.70266B+06) 9.24291E+06| 1.07831E+07 
Y | Looocn#+00] 1.00000%+00! L.00000E+00) 1.00000E+00| 1.00000E+00] 1.00000E+00 
IcD |2 2 2 2 [2 2 
G.00°R, F} = 200.00 psia, G, |5.97631E-01| $.97380E-01 5.97314E_01| 59728101 | 5.97254E-O1| 5.97242E-01| 5 
L466 IDC, p= 13520F-02eP, |g, | L.58793E+04! 4.75702E+04l 7.91 144H+ 04] 1.1041 8F405] 1 S6TLOR405! 1.86991B405! 2. 16695E4105 
3198, py = 0.116198 Ibn? Q, | 1.366571+05] 4.09389E+05} 6808591105] 9,50254H+05] 1.34865E406) 1.60925E+06} 1.86488E+05 
Y — | 9.998745-01] 9.93864E-01 | 9.96844B-O1| 9.93815E-01| 9.87378E-OL | 9.8 1824E-01 | 9.75261E-01 
rep |2 2 2 2 2 L2 2 
50.00°F, Hy = 500.00 psia, CG, | 5.97608E-01| 5.97369%-01| 5.97306E-01| 5.97275E-O1| 5.97248E-01 | 5.97237E-01 | 5.972290-01 
6623 Ibi, = 1.1310E-02 cP, | g,, | 1.43248E+04] 4.29407E+04] 7.15042B+04] 9.99830B+04| | 424698405) 1.70500F+05| 1.985098405 
3622, p, = 0.044210 Ib/ft* Q, | 3.2401GB+05] 9.71290E+05| 1.61738B+06| 2.26155E+06| 3.22256E+06) 3.85863E+06] 4.49014E406| 
¥ | 9.99951B-01] 9.99560E-01] 9.98777E-01| 9,97603B-01 | 9.95 108E-O1 | 9.92956E-O1 | 9.904 12-01 
icp |2 2 2 2 2 2 2 
F = 150,00°F, 2 = 1000.00 psia, | 5.97389B-01| 5.97361E-01|5.973008-01] 5.97270B-01| 5.97245E-O1 | 5.97234E-01 | 5.97226E-O1 
21573 Twit, 1.3650B-02 eR, | gy | 1.84831B+04) 5.541 79104} 9.23175E+04] 1.29162B+05| 1.84279E405| 2.20892B+05| 2.57375E+05 
Gy | S1807SHL05) 1 2535 UE06) 2.088 1GE+06) 2.92 156E+06) 4. 168268406 | 499643406) 5.82 165E+06 
¥ | 9.999768-01| 9.99780E-01 | 9.99389E01 | 9.988021-01 | 9.97554E-01 | 9.96478E-01 | 9.95206E-O1 
Icp |2 2 2 2 2 2 2 
f= 140.00°F, He = 2000.00 psia, C, | 5.97556B-01/ 5.97345E-01 | 5.97289E-01| 5.97261B-01 | 5.97237E-O1 | 5.97227E-O1 | 5.97220E-O1 
Pip * 32.465 lb/ft, w= 4.1710E-02 oP, | g,, | 6.34084He04] 1.901 60E+05} 3.16903E+05| 4.43644B+05| 6.33752E+05  7.60490E+05| 8.87227E+05 
KE~1.0, py = 0.116198 Ive? Q, | 5.45693H+05| 1636522406] 2.727278+.06| 3.818008-+06| 5.45407E406  6.54477E+06| 7.63547E+06| 
Y __| 1.000008+00] 1.000008:-00 £.000001+00) 1.000008+00| 1.00000H+00) 1.00000E+00! 1.00000E+00 
icp |2 2 2 2 faa fe 2 
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86 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-5—Selacted Round Robin Test Results Matrix—US Units 


(Op = 1.93946 in, a = 0.00000620 invin-°F, a, = 0.78806 inn, a1 = 0.00000925 in/in—°F) 
a AP (inches H0 at 60°F} 
Flow Conditions Value | 3.2484 20,2360 39.2110 110.1736 | 224.8440 | 323.7754 | 440.6943 
Fae Pr= 14.696 psia, G,  (9:914221-01| 8,075972-01] 7.51815E-01| 7.22773E-01 | 6.97516E-01 | 6.26507B-01 | 6.78091B-01 
58,199 Ib/, = L.B6SDE+O3 oP, | dy | 14049214405] 3.453311405| 532694405] 7. 6954E+05 | 9.884426+05) 1.16741E+06) 1.34528B+05 
feo, Pp = 56. Sel Ibi Q, | 2.47080E+-03] 6.03808H+-03| 9.36836H+03) 1.26091E+04] 1.73835E+04| 2.05309E+04| 2,36591B+04 
Y — | 1.000008+00) 1.00000H+00} 1,00000E+00! 1.00000E+00] 1.00000E+00! 1.c00008+20! 1.000008+00| 
Icp |4 4 3 3 _|3 3 3 
Tr= 68,00°R, P G, |7:06945E-01] 6.51213E-O1| 6.35725E-01| 6.27969E-O1 | 6.214001-01 | 6 18585E-01 | 6.164498-01 
Bip = 36.660 Bi, j= 2 P| dm | 8 S97OSH+O4) 2.73509BH05) 4450041405 6.15405R-405) 8.69952E105 | 1.0359211406) 1.208238+05) 
feb, Dy = 564 BOL Ibi? Q, | 1,74057E+03] 4.81014B+03) 7.82617+03] {.082305+04] 1.52996E+04] 1827645 +04] 2,12488E+04 
¥ | 1, 00000B+-00| 1.000098-C0] 1.00000H+00] 1.000002+00| 1.000040] 1.C0000E+00} 1,00000B+00) 
1ep |-3 3 3 3 3 3 3 
Tp 116,.CO°F, Pr= 14,696 psia, C; | 6.187348-01| 6.07 105-01 | 6.04084B-01 | 6,02653E-01| 6.01458E-01 | 6.00951E-01 | 6.00570E-0L 
f Gq, | 8.49004E+04] 2.49916E+05] 4.14454 +05] 5,78862E+05| 8,25305E+05 | 989532105] 1153726106 
KE -1D, py = 56.861 Ife! G, | 1493128103] 4.395228+03| 7.288908103] 1.01803E+04] 1.45144E+04| 1.74027E+04] 2.029028+04 
1.00000E+00) 1.00000E+00] 1.00000E+00} 1.000001-+00] 1.00000E+00] L.CO000E+00] 1.000080} 
ea 2 # 2 ay a 
Tp= 60.00°F, Py= 14.696 psia, ©, | 6.00321B-01] 5.98647E-01 | 5.98208B-01 | 5.979921-01 | 5.97812B-01 | 5.97736H01| 5.97678E_O1 
62.366 Ib/i?, ju = 1.1990 oP, Gp | 8.81607E+04] 2.63747E+05] 4,39256E405] 6,14737E+05| 8,77931E+05| 1,05338E+06] 1.22883B+06 
0, py = 62, 308 vig Q, 1.41360H+03] 4.22903E403] 7.043208403] 9.85693E403| 1.40771E+04} 1.68903H+04/ 1.97035R104| 
L.OOVO0E+00) 1.00000E+00) 1.00000B+00) 1.00000E+00] 1.00Q00E+00} 1.000008+00; 1.00000E+00) 
Icp |2 2 2 2 2 2 2 
Ty= 210.00°F, P= 14.696 6 psi, G | 5.98357E-O1| 5.97725E-01 | 5.97558E-01 | 5.97476E-0! | 5.97407E-01 | 5.97378B-01 | 5.97355E-01 
Bay = 58.792 Tpit? Gu | 8-55544E4.04) SR+05| 4.9 7205R405] 5.08004F-405| 8.54193P4051 1.0240RF406) 1.19577 R406 
&S-10, py = 62.366 I QO, | 137181Be0! B+0 GH203 GSE 4031 L369¢SE+04l 1 6434oReod 1 91734B 104 
¥ | 1.000000] £.00000L+00] 1:00000E+09| 1.00000E:+00 1.000008+.09] 1.000002+-00| 1.00000E+00 
icp |2 2 2 2 2 2 2 
T= 0.00P, Pr= 14.696 psia, Ler 5.98358K-U1 | 5.97720E-01 | 5.97562E-01 | 5.97489E)1 | 5.974550! | 5.974 YEAH | 5.974 4-01 
Pap = 0.13223 Ib/t, 4 = 1,3070E-02 cP, | g,, | 4.03460E+03) 1.19250E+04) 1.93150E+04] 2.58730E-+04| 3.34228E+04] 3.64464R+04 | 3.7474 1E+04 
k= 13198, = O.116198 Ibi? Q, |3.47217E+04] 1.02626E+05] 1,66225E+05| 2.22663E+05| 2.87637E+05 | 3. 13657B+05| 3,22502B+05 
Y | 9.98282H-01 | 9.84540E-0i | 9,57056E-O1 | 9.15830E-01 | 8.28225E-01 | 7,526442-01 | 6,63320E-1 
Icp |2 2 2 2 2 2 2 ma 
rr= 50,00°R, Py= 10! C; | 5979245011 5.975208-01) 3.97414E-01 | 5.97361B-01 | 5.973188-01 | 5.973008-01 | 597286801 
Pap = 0.31109 Lovie’, = 1.0670R-02 eP, | g,, | 6.19898E103) 1.85482Er04| 3.078604 | 4.28433E+04] 6.04277E+041 7.1711 1E+04/ 825582404 
k= 1.3622, 0, = 004210 Ibft? Q, | 1.40217E+05} 4,19547E+05| 6,96378E+05| 9.69087E+05] 1.36683E+06} 1.62206E+06] 1.867418+06) 
Y — | 9.99755L-O1] 9,97799L-01 | 9,92885-O1 | 9.880150-01 | 9.75542-01 | 9.64780L-01 | 9.520620-01 
Iep |2 2 2 |2 2 2 2 
T= 0,00°R, Pre 1000.00 psia, Go §.97024E 01} 5.97519E 01} 5.97412E Of | $.97359R 01] 5.97315SE 01| 5.972961 01] 5.072828 O1 
Pip = 95.072 If, = 1.5430E-O1 cP, | gj, | 8.95938E+-04} 2,68602E+05| 4,47590E+05| 6.2657 1E+05| 8,95034E+05| 1.07401B+06] 1.25298 +06 
k=-L0, py = 0.116198 Ibi? O, | 7.71045E+05} 2.31159E106) 3.85196E+06| 5.39227E+-06| 7,70266E1-06] 9,24291E+06] 1.0783 16+07 
¥ — | 1.000008+00] 1.060008+00! 1.0¢000E+-09] 1.000005+00/ 1.00000E+-00] 1.000008+00] 1,000008+00] 
Iep |2 2 2 2 2 |2 {2 7 
Tp= 0.00°F, Pr= 200.00 psia, CG | 5.97631E-01| 5.97380B-01] 5.97314R-O1 | 5.97281E-01 | 5,97254E-01 | $.97242E-01 | 5,97233E-01 
Pip = 20466 Toit, je= 13520B8-02 cP, | gq, | 1.58793E104) 4757020404) 7.91144 104) 1 10418105) £567 10B+05) 1.86991R105) 2, 166958405 
116198 Ib/ft? B, | £.36657E+05| 4.09389L+05] 6.80859E+05| 9.50254E+05| 1,34865E+06] 1.60925H+06] 1,864885+06) 
Y | 9.99874E-01] 9,98864E-01 | 9.96844B-D1 | 9.938 152-01 | 9.87378E-O1 | 9.81824E-01 | 9.75261B-01 
z z 2 Z 12 Zz z 
Ty= SOAKPE, Py= 500.00 psi. 5.97608E-01| 5.97369E-01 | 5.973060-01 | 5.97275E-01 | 5,97248E-01 | 5,97237E-01 | 5.97229E-01 
1.6623 1bffC, w= 1,1310E-02 cP, 1,43248E+04] 4.29407E+04) 7.15042E+04| 9.998301+04] 1.4246913+05 | 1.70590E+05| 1985098105 
= 1.3622, p, = 0.044210 Ib/it? ), | 3.24016B+05] 9.71290E405) 1.61738E+06| 2.26155E+06| 3.222568+06| 3.85863E+06| 4.490145 +06 
Y¥ | 9.99951E-01] 9,99560B-01 | 9.98777E-01 | 9.97603E-D1 | 9.95108E-01 | 9.92956E-01 | 9.904 12-01 
Icp |2 2 a a a 4 9: 
Te 150.00°R, P;= 1000.00 psia, CG, | 3.97589E-01| 5.97361E-01 | 5.97300E-01 | 5.97270E-01 | 5.97245B-01} 5.972348-01|5.97226E-01 
3650E-02 cP, | gy | 1.84831E+04] 5.54179E+04| 9.23175E#04/ 1.29162E+05| 1.84279B+05| 2.20892B+05| 2.57375E+05| 
G, | 418075405) 1,25351E+06) 2.08816E+05) 2.921 56406) 4.168261+06 | 4,99643406) 5. 821652406 
¥ | 9,99976E-01| 9.99780E-O1 | 9.99389E-0t | 9.98802E-01 | 9.97554E-01| 9,96478E-01 | 9.95206E-01 
IcD |2 2 2 2 2 2. 2 
[= 140,00°F, Py= 2000.00 psia, CG, | 5.97556E-01] 5.97345E-01| 5.97289E-01 | 5.97261E-01 | 3.97237 -01| 5.97227B-01 | 5.97220E-01 
Ry = 2, 465 lb/ft, = 4.1710E-02 cP, | g,, | 6.34084E+04} 1 90160E+05] 3.16903E+05| 4.4364414-05| 6.33752E+05] 7,60490E+05] 8.87227E+05 
2 Q, 15456038405! 1,63652E+06! 2,72727E+06! 9.81800E+06! 5.454078406] 6.54477B4061 763547406 
¥ | 1.000008-00] 1.000002+00| 1.00000#+.00| 1.00000E+00) 1.00000E+00] 10000000] 1.00000E+00| 
ICD |2 [2 2 2 2 z 2 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 87 
Table 4-C-5—Selected Round Robin Test Results Matrix—US Unis 
1p 999 0 50000820 o.ccaccses i om 
(3p = 2.90038 in, a2 = 8.00000820 in = 1.17969 in, &, = 0.00000825 ii F) 
ch AP (inches H,O at 60°F) 
Flow Conditions Naki 2.2484 20.2360 56.2110 119.1736 224.8440. i 323.7734 440.6943 
7 O.00°R, Pps 14.696 psia, Cy | 1.9829 10B+00) 1.396386+00) 1.20891E+00) 1.10788E+00 1.01726E+00| 9.76751E-01 9.45278E-01 
38.199 Ib/NS, fe = 1.8650E+03 cP, qq. | 1.14786B404 | 2.425020404 | 3.49908E+04] 4.4893 1E+04 | 5.88876E+04 | 6.78509E+04] 7.66087E+04! 
eam 0, py = 56.861 tons Q, | 2.01871B402/ 4.264816402| 6.15374E+02| 7.89523B+02} 1.03564E+03) 1.19328E+03} 1.34730E+03 
1.00000E+00/ 1.00000L+00] 1.00000E+00} 1.00000E+00) 1.00000E+00] 1.000C0E+00) |.00000E+00| 
icp |-5 5 5 4 4 4 4 
is €8,00°F, P= 14,696 psia, Cy 1,05155E+00| 8.41234E-01 | 7.77968E-UI | 7.45121E-01} 7. £6547E-01 | 7.04057E-01 | 6.94472E-0! 
6.660 Ib/f?, jt = 2, 12208402 oP, Gm | S.O1380E403) 1.4433 1E4+04) 2.2246 1B 104) 2.98296E1 04) 4.09796E104 | 4.831836 04) $.S6029E+ 04 
0, 2), = 56.861 ns Q, | 1.05763E+02| 2,53832E+02) 3.91237E+02! 5,24606E+02 | 7,20697E+02| 8.49762E+02) 9,77892E+02| 
¥ 4.00000E+00] 1.00000E+00] 1.00000E+00) 1.C0300E+00} 1.00600E+00) 1.000C0E+00} 1.00600E+00 
IcD |-4 4 4 3 3 3 3 
176,00°F, Py= 14.696 psia, Cy | 7.04770E-01 | 6.50983E-01 } 6.34050B-01 | 6.24074E-01 | 6.17209E-01 | 6.15228E-01 | 6.13737E-01 
4.214 Ib/f?, x = 1.7490E+01 cP, 4m | 3.95056E+03} 1,.09473E+04) 1.77709E404| 2.44878E+04 | 3.4597 7B +04} 4. 138408404) 4. 81644404 | 
=-L.0, py = 56. Bet tore? Q, | 6.947768+01} |.92527B+02| 3.12532E+02| 4.3056 1E+02| 6.0846 1E+02) 7.278 10E+02] 8.47055E+02| 
Ki 1,00000E+-00) 1.00000E+00) 1.000008-+400) 1,COHWE+00) 1,.00000E+00! 1,00000E+00) 1,00000E+00) 
Icb |-3 -3 3 3 3 3 2: 
de 60.00°F, Fr=, 14.696 psia, CG, | 6,12758E-0! | 6.06179R-01 | 6.0441 5-01 | 6.035328-01 | 6.02779H-01 j 6.02454E-01 | 6.02206F-01 
Pup = 62. 366 Ib/ft3, B= 1.1990 oP, 4m | 3.67602E+03] 1,09098E+04| 1,81300E+04) 2.53450E+04] 3.61619B +04) 4.33709E+-04] 5.05785E+-04] 
4.0, p, = 62. 366 inf? G, 7 5.89427H+0i | 1.749326402) 2. S0704B402) 4.0639 16402) 5.79834E+02) 6.954258+02) 8. 10996E+02 
£.00000B+00) 1.00000E+00) 1.000005+00) 1.G0000B+00] 1.00000B+00) 1.00000B+00} 1.00000E+60} 
ICD |2 2 2 2 2 2 2 
Ty= 210.00°R, Py= 14,696 psia, G, | 6,05019E-01 | 6.024092-O1 | 6.01682E-01 | 6.0131 1F-01] 6.00989H-01 | 6.00848E-01 | 6.00740E-01 
8.792 Ib/ft?, 4 = 2.8250E-01 cP, %, | 3,53394E403) 1.05562E+04] 1.75724B404| 2.45862E+04 | 3.51043E+04| 4.21 153E+04] 4.91257E+04| 
D, fy, = 62.366 Ive? O, | 5.66645E+01! 1.60262E+02! 2.81762E4021 3.942248+02! 5.62876 +02! 6.75293E +02! 7.87700E+02| 
¥ 1.00000E+00) 1.00000E+00) 1.00000E+00} 1.00060E+00) 1.00000K+00) 1.00000E+-00) 1 -00000E+00) 
IcD [2 2 2 2 2 2 2 
Ty= 6.00°R, Pp= 14,696 psia, Cy | 6.04938E-O1 | 6.02388E-1 | 6.01699E-O1 | 6.013 708-81 | 6.01 125E 01 | 6.G1052E Di | 6.01032E Gi 
0.13223 Ib/f, ft = 1.3070E-02 cP, | gq | 1.66626E+02| 4.90771E+02: 7.93701E+02| 1.06164E+03] 1.36751E+03) 1.4370961-03 1.52293E103 
3198, p, = 0.116198 Ib/A> Q, | 1.43308E+03} 4.22358H403 | 6,83059H403} 9. 13643H+03] 1.176888+04| 1.27979F+04] 1 31064E+04 
¥ | 9.982458 -01 | 9.84201 E-Ol | 9.561 14E-01 | 9, 13983H-01 | 8.24454E-01| 7.472 14-01 | 6.55931 K-01 
ICD |2 2 2: 2 2 2 2 
‘f7= 50.00°F, Pr = 100.00 psia, Cz, | 6.03248B-01! 6.01510E-O1 | 6.01020E-01 | 6.00768E-01 | 6.00552E-01 | 6.00459E-01 | 6.00388E-01 
Py 31109 Ibifi, he 1.0570E-02 cP, Gy | 2.55485E402} 7.62725E402, 1.26508E-+03] 1.75968E+03) 2.48050F+03] 2.94256B+03 | 3.3863 1E +03) 
k= 1,3622, p, = 0.044210 ib/fi? Q, | 5.77889E+03] 1,72523E+04) 2.86152E +104] 3.98028E+04 | 5.6107 1E+04} 6.65587E+04] 7.65959E+04 
¥ 9.99750E-01 | 9.97750B_O1 | 9,93751B-O1 | 9.87752E-01 | 9,75004B-01 | 9.64006E-01 | 9.51009E-01 
Icb {2 2 2 2 2 z 2 
Tee KP, Pes 100.00 psia, G, 1 6.93246H-01 | 6.015968-01 | 6.010121 | 6.007501 | 6.005368 | 6.004 3RK01 | 6.00363E-01 
ibit?, p= L5430E-01 cP, Gm | 3.092308+03) 110457404) 1.859438+04) 2.5741 [EH04 | 3.675948+04 | 4.4104 IE +04] 5. 14483E+04' 
= 1.0, a, = 0.116198 ibe Q, | 3.1777GE+04) 9.50589B+04] 1.58301E+05| 2.21528E+05) 3. 16352E+05] 3.79560E+05| 4.42764E+05 
Yr 1.80000E+00] 1.00000E+00| 1.00000E+00/ 1.0f000E+00] 1.00000E+00) 1.00000E+N0] 1.00000E+00) 
icp |2 2 2 2 2 2 2 
Tr= 0.00°F, Pr = 200.00 psia, G, | 6,02002E-01| 6.00861E-Of | 6.0053 1E-01 | 6,00360E-01 | 6.002 10E-01 | 6.001 45E-01 } 6.00095E-01 
Pyp = 2.0466 lb/ft, = 1,3520E-02 oP, | g,, | 6.53412H+02! 1.95452H-+03! 3.24902H+03/ 4533208403! 6,43153H+03| 7.67262H+03| 8.88947E403 
Re 1.3198, p, = 0. 16198 ii? Q, | 5.62326E+03) 1.68206E+04) 2.79610E+04| 3.90128E104) 5.53497E104! 6.60306E+04| 7.65028E104, 
9.9987 1-01 | 9.988391-01 | 9.96775.E-O1 | $.93679T-01 | 9.87101E-01 | 9.81425E-01 | 9.747 18-01 
ID [2 2 Lz 2 20,7 2 2 
Ty= 50.00°F, Pps 500.00 ps psia, Cy | 6.0L900E-01] 6.00808E-01 | 6.0049 [E-OL| 6.00326E-01 6.0018 1E-01 | 6.001 17E-01 | 6.00067E01 
6623 THARP, pt el T310E-02 <P, Gm | 5-89375E+02| 1.76423E+03) 2.93647E+03| 4, 1C500E+03 | 5.84788E+03| 7.001 20E+03| 8.1460 1E+03 
3622, p,  O.ouzI0 lb/ft? Q, | 1.33313E+04] 3.99056E+04) 6.64210B+04| 9.28522E+04| 1.32275E+05| 1.58362E+05! 1.84257E+05 
¥ 9.99950E-01| 9.99550E-01) 9.98750E-OL| 9.97550E-01 | 9.95001E-O1 | 9.928018 -G1 | 9.902025 -01 
IcD |2 2 2 2 2 2 2 
T= 150.00°F, P= 1000.00 psia, C, | 6.01817E-01; 6.00765E-01 | 6.00460E-01 | 6.00300E-01 | 6.00160E-0: | 6.00097E-01 | 6.00049B-01 
= 2.7573 Ibi’, #= L3650E-02 cP, Gm | 7.60398E+02| 2.27677E+03} 3.79117E+03| 5.30304E+03} 7.56433B+-03| 9.06625E+03 | 1,05627B+04 
3622, iy = 0044210 I? G, | L.TI997E+O4) 5149900404) 8.57537E+04) 1169511405) 1.71 1000405) 2.050720+05) 2.389200405 
9.99975E-01| 9.997 75-01 | 9,99375E-01 9.987751-01 9.97500E-01 | 9.96401 Ki | 9.951 01E401 
IcD |2 2 2 2 2 2 2 
Ty= 140.00°F, Py= 2000.00 psia, GQ 6.01672E-01 | 6.90688E-01 | 6.00401 E-01 | 6.00250F-01 | 6.001181 | 6,00059R_01 | 6.00013E-01 
Pip = 32.465 Ib/tt?, 46 = 4.17L0E-02 cP, qm | 2.608 14B+03) 7.31171E+03) 1.30133B+04) 1.82140B4| 2.601438+04 | 3,1214 1E+04| 3.641 37E+04| 
k Pp = 0.116198 toad QO, | 2,244578+04] 6,72275E+(4| 1,.11992E+05| 1,56750E+05| 2,.23879E+05 | 2.68629E4-05| 3.13376B+05 
| Y 1.00000H+00) 1.00000E+00] 1.00000E+00) 1.00000H+00) 1.00Q00H+00) LOGW0OE+00) 1.OQUQOE+I0} 
IcD |2 2 2 2 2 2 2 


Copyright por American Petroleum Institute 
Sat Nov 03 21:56:35 2001 


Copyright por American Petroleum Institute 
Sat Nov 03 21:56:36 2001 


“API MPNS#L4. a. a a2 = 0732240 0 O506375 b55 Me 


88 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 
Table 4-C-5-Selected Round Robin Test Results Matrix—Us Units 
(Dy = 4.02636 in, a = 6.00000620 in/in--F, dy = 1.64063 in, a, = 0.06000825 in/in-*F) 
Ga | AP (inches H,0 at 60°F) 
Flow Conditions Valo | "2.2484 20.2360 56.2110 110.1736 | 224.8440 | 323.7754 | 440.6943 
T= 0.00%, Pp = 14,696 psia, G, (1.776448 +00] 1.270918+00/ 1.11027H+00] 1.02406E+00] 9.47065E-01 | 9.12766B-01| 8.86185E-01 
199 Ivf, [t= L8650H403 CP, | g,, | [.9R915E+04] 4.269305404] 6.2 16095404] 8.026821-04) 1.05047tH-05) 1.22648E405) 1 38922E405 
Py = 56.864 lb/ft? Q, | 3.49826E+02} 7.50831E+02| 1.09321E+03] 1.411661+03] 1.86503E+-03| 2,15698E+03) 2.44319E+03| 
¥ | 1,00600%400! 1.00000E..00! 1.00000E+00! 1.000000) 1.0000024-00! 109000800! 1.000008+00! 
icp |-5 5 4 4 4 
Gi 1-01 | 684893701 | 6.76934E-01 
Gn BEH4| 9.09194B404) 1.048408+05 
Q, | 1,89913H+02| 4.66229E+02| 7.25790E+02| 9.79030E+02} 1352618403] 1.59898B+03) 1.84379E+03| 
¥ | 1.00000E+00| 1.00000L+00] 1,00000E+00| 1.0000081-00} 1.00000H00] 1,090002+00] 1.000008+00 
IcD |-4 4 3 3 =3 3 3 
| 6.85485E-01| 6.40022E-01 | 6.24525E-D1 | 6.17802E-01] 6. 140828-01) 6, £2507H-01 | 6.11320E-01 
Ga 7A4258E403! 2.0819 1 R04! 4.48589P- 1 4.68914 +04 | 6.658439F 141 7.9996 R404! 9.27987E+04| 
1, | 1.30715B402| 3.661400+02| 5.95457E+02| 8.24666E402} 1171008403] 1.40160E+03| 1.63203E+03 
1000007400] 1.00000B+00] 1.000008+00) 1,00000E+00] 1,00000E+00] 1,00000E+00) 1.000008+00 
Iep 13 3 3 3 2 
IcD |-3 3 33 3 2 2 2 
T= 60.00°F, Pr= 14.696 psia, G, | 6.10538E-01) 6.05266B-01| 6.038408-01 | 6.031224-01 | 6.02508E-O1 | 6.022422 01 | 6.02039B-01 
62.366 llvft?, 12 = 1.1990 cP, Gm | 7,08487E+03] 2.10713F404| 3.50360E+04| 4.89922E+04] 6.99175E+04] 8386408404] 9.78083E+04 
10, pj, = 62.366 lb/ft Q, | 1.13602E+02| 3.37865E+02] 5.61781F+02| 7.85559B+02{ 1.12108E403] 1,34471E+03] 1568308403} 
Y _ | 1.000005+400) 1,.60000E+00] 1.00000B+00] 1.00000+-00) 1.00000E:+-00] 1.00000E+-00/ 1.00000E+00} 
icp |2 2 2. pea 12 2 2 
77s 210.00F, Py= 14.696 psia, | 6.04330E-01 | 6.02206-01 6,01609E-01 | 6.01302E-01| 6.01035F-01 | 6.00918E-01 6.008282-01 
7O2 16D, j2—2$950B-01 oP, | gq | 6.82801E+03| 2.041220+04| 3 30866404 4.75570E404| 6.70084E404) 8.14742H404) 9.50300B404 
10, fp = 62,366 lb/ft 5 | OS483E 1023.2 720R 102) 5.440 54m 102) 7.62 547i 02 | OBRe7E Oat ADS aOHo 9 
¥__ | 1,00000E-+00} 1.00000L+00] 1.00000E+00] 1.00000H+-00) 1.00000E-00] 1.00000E+-00] 1.00000E+00| 
IcD |2 2 2 2 2 2 2 
= 0.00°R, Ppa 14. 696 psia, [an 6.04263E-O1 | 6.021 881O1 | 6.016226-01 | 6.01350E-01 | 6.01147E-0] | 6.0L087E-01 | 6.01070B-01 
Pry = 0.13223 Ibi, 2 = 1.3070E-02 cP, | g,, | 3.21949H402| 9.4899¢E402| 1.53507E+03 | 2,053¢5E+-03) 2.64521E+03] 2.87651E+03] 2.94578E+03 
= 1.3198, py = 0.116198 Ibe? OQ, | 2.77069E103| 8.16704E103| 1,32108H+04| 1,76720E+-04 | 2.27647E+04| 2.47553E+04| 2.53S14E+04) 
Y | 9.98244E-01 | 9.84198E-01 | 9,56106E-01 | 9.13968E-O1 | 8.24425E-01| 7.47173E-O1 | 6.55874E-01 
Icp |2 2 2 2 2 2 2 
SOOT T= 6000 rata: G, | 6.o2g01z-01/ 6.01466E-01/ 6.01060H 01] 6.00851E of] 6.006708 011 6.00592E 01 | 6.00533R-01 
0.31109 tbat, = 1.06708-02 eR, | q, | 4.93898E+02| 1.47525E+03] 2.4472484+-03/ 3,40426E-03 | 4.799018 +03] 5.69310H+03] 6.581742+03| 
= 1.3622, p, = 0.044210 lof O, | 1.11716E+04) 3.33692E+04} 5.53548E+04} 7.700218+-04| 1.08550H+05| 1.28774E+05| 1.48196E+05| 
¥ | 9,99750E-O1 | 9.97750E-01 | 9.93750E-0i | 9.87750E-O1 j 9,75000B-01 | 9.64000E-01 | 9,51001E-0i 
Sez IcD |2 2 2 2 2 2 2 
Ty= 0.00°F, Pr= 1000.00 psia, ©, [6.02aB90-01 | 6.014650-01] 6.01054E-01 1 6.008421-01 | 6.006568-01 | 6.00574E-01| 6.00511E-O1 
65.072 Ibi, w= 1.543001 eR, |g, | 7-13827E+03| 2.13644R+04] 3,558306+04) 4979875104) 7.11 190404] 8.53311 +04] 9.95425E+04 
0, py = 0.116198 Tote? Q, | 6.14319B+04 1.83862E+05| 3.062281+-05| 4.28568E+-05} 6,120508+-05| 7.34360E+05| 8.56663E+05| 
¥ | 1.00000E400! 1.00000E+00] 1.00000E+00] 1.0000081-00] 1,.00000800] 1,00000E+00! 1.00000E +00! 
Icb |2 2 2 2 Ow) s Veto ae 
Ty= 0.00F, Pps 2000.00 psia, CG, | 6.01871E-01] 6,00928L-01| 6.00652R-01 | 6.00509E-01 | 6.00383B-01 | 6.00327E-01| 6.00285E-01 
Pr f= 1358-02 oP, | g,, | 1.263648403) 3,781 108403 | 6.28592+03 | 8.77086B+03) 1.244428; 04) 148458E+G4) 1.72005E +04 
£2 13198, py = 0.116198 ibrh? Q, | 1,08749B+04| 3.25401E+04] 5.40966E+04| 7.54820E+04] 1,07095E+05} 1.27763E+05| 1.48028E+05 
¥— |9,99871B-01 | 9.988391-01 | 9.96775E-01 | 9.93678E-01 | 9.87099E-01 | 9.81422E-O1 | 9.74714E-O1 
ICD |2 2 2 2 Bs, 2 2 
T= 50.00°F, Pp= 500.00 psia, G, | 6.01788E-01| 6.008836-01 | 6.00619E-01 | 6.00480B-01] 6,00358E-01 | 6.003048-01 | 6.00262E-01 
B= 16623 163, w= 1.1310R-020P, |g, | 1,13983R+03] 3.413028+03) 5681318403! 7.942448 03] 1.13150E+04] 1,35468E+04] 1.57621 +04 
22 13622, py = 0.044210 Ib/f? Q, | 2.57822B404| 7.72003E+04] 1.28507E+05| 1.79653B+05| 2.559388+05| 3064192405] 3.56528E+05 
¥ _ |9.99950E-01 | 9.99550E-01 | 9,98750E-01 | 9.97550B-01 | 9.95000B-01 | 9,92800E-01| 9.902005-01 
icp |2 2 2 2 2 2 2 
T= 150,00°F, Pr= 1000.00 psia, | 6.01720E-01| 6.00849B-01 | 6.00593-01] 6.00459E-01 | 6.00340E-01j 6.00287E-01 | 6,00247E-01 
Pay 2.1573 Ib/f?, z= 1.3650E-02 cP, | g, | 147052E403| 4.404636+03| 7.33499L+03| 1,0260SE+04] 1.46363E+04] 1,75426E+04| 2.02383B+04 
= 1.3622, py = 0.04210 wwe O, | 332644K404) 9. 96294H 104] 1.659 2k 05) 2.320861 05] 3.3 1063H1 05] 3.96803E405) 4.62301 5105 
¥ | 9.99975E-01 | 9.99775B-01 | 9.99375E-01] 9.98775E-01 | 9.97500E-01| 9.964006-01 | 9.95100E-01 
IcD |2 2 2 2 2 a 2 
Ty= 140.00°F, P= 2000.00 psia, G | 6.01600E-01 | 6.00784E-01 | 6.00543E-01] 6,00417E-01| 6.00305E-01| 6,0025SE-01 | 6,00216E-01 
Gm | 5.04440E403 | 1.51128E204| 2.51779E+04| 3.52417E+04] 5.03358)+04) 6.03080R404| 7.04598E +04 
Q, | 4341218404! 130061805! 2, 16581405! 3,032008+05! 4,33190F405] 5.19785E405! 6,06377E405 
¥" | 1.00000800] 1.000060] 1.000002:-00| 1.000C024-00] 1.00000+00 1.000008+C0] 1.00000 +00] 
IcD |2 2 2 2 2 2 2: 


API MPMS¥L4.3-4 42 MM 0732290 O5S0b376 SOL mm 


SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 7 89 
Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 
(n= 7.88146 in, G& =0. oanope0 in/in-F, dy = 3.25000 in, a = 0.00000925 infin-r) 
| ey “_AP (inches 11,0 at 60°F) 
Flow Conditions Naine | 22484 20.2360 96,2110 J1G.1736 | 224.8440 | 323.7754 | 440.6043 
Ty= 0.00°F, P-= 14.696 psin, Gy | 1.43086F400] 1.063216+00] 9,48255E01 | 8.87250E-01/ 8.333 18E-01 8.0949713-01/ 7.91 133E-0F 
Prp = 58,199 Ib itt, w= 1.8650E+03 cP, | g,, | 6.28699R+04| 1.40149E-+05| 2.08326E405] 2.72894E+05] 3.66151 E+05} 4.26820E+05] 4.86661 E+05 
42-10, p, = 56.861 Ibife Q, | 1,10568E+03] 2464778403] 3.66378E+03| 4,7993 16103] 6.43940E+03| 7.50638H+03] §.55879E+03 
Y__ | 1.000008+00] 1.00000E+00} 1.000005+00) 1.000008+00] 1,06000E+001 1000008400] 1000008400 
Icb |-5 4 4 4 4 
Ty= BOO, y= 14,696 psia, Gq | 853630E-01 |7.3 1434E-01 | 6.958898-D1 | 6.77545E-01| 6.61455E-01 
Prp = 56.660 ID/?, = 212208102 cP. |g, | 3. 9.525288 404) 1510408405) 2058820405) 2.87132E265 
£5 1.0, py = 56.861 Ib/f a, esleyttvg 1.67519E-+03] 2.65629B+03) 3.62079E+03] 5,04971E+03] 5.99400E+03] 6.93306E+03 
¥__ | 1.000001-+60] 1.600005-+00] 1.00000R+00] 1.00000B+.00} 1,00000E:-00] 1.00000E+00] 1.00000E+-00) 
IcD |-4 =3 3 3 3 =3 3 
T= 176,00°F, Py= 14.696 psia, Gy | 6.54699E-01| 6.20169E-01 6.145141-01 6.11743E-01] 6.094232-01 | 6,08435E-01| 6.07688E_01 
Pup = 54.214 iw = LADD cP, | dy | 2.78555E+04] 7.915998+04| 1.30730B+05| 1.82197E+05| 2592948: 05] 3.10648F+05] 3.61979405 
ka~1.0, py = 56: al Ibn Q, | 4.89888E+02| 1.3921 75403) 2.2991 2E+03|3.20425H+03] 4560142+03] 5.46330E+03| 6.36603E+03 
Y__| 1.000005+00] 1.00002+00) 1.000005+00] 1.00000B+00) 1. 00000200] 1.00000E+00] 1.000008+00) 
icp 1-3 3 2 2 2 12 2 
= 60,00°F, Py= 14.696 pia, G, | 6.07194R-01 | 6.03831B-01 1 6.02905E-01/ 6.02434B-01 | 602028E-01} 6.01851 E-01 | 6.01715B-01 
62.366 Ib/t}, 4 = 1.1990 cP, Guy | 2s76487E404 | 8.248776+04| 1.37268E+05| 1,92026E+05] 2.74137L+05| 3.28868E405| 3.83593E+05 
8, ), = 62.366 ibite oy 2) 1.322648403 iE+03] 3.0790 1E+03} 439362103] 5.27320E+03] 6, 15067403 
Y 1.000002+00) 1. 1.00000E+00| 1.00000E+00) 1.00000E+00) 1.00000E+00 
icp |2 2 eae? 2 2 2.2 © 
Ty= 210.00°R, Py= 14,696 psia, G, | 6.032268-01 1 6.018288-01 | 6.014276-01 | 6.01219E-01] 6.01036E-01] 6.00956E-01 | 6.00893E-01 
Puy = 58.792 Ibit?, w= 2.82508-01 cP, | gy, | 2.674418404l 8.004735404| 1.43373405] 1 R6SRRFA0S| 2.66473E+05| 3.1972SE405| 3°72974E 105 
£=-1.0, py = 62.366 Ibife Q, | 4.28926B+021 1.283518+0312, 42 3] S.12659E031 5.980408 +03 
Y | 1.00000B+00) 1.0000012+00] 0] 1 00000E--00 ee ,00000E+00} 
Icb |2 2 2 2 
Ty= G.00°R, P= 14.696 psta, Cy | 6.03186B-01 | 6.018142-01 | 6.014348-01] 6.012508-01| 6.011 2E-01 Sea 6.01059E-O1 
Pry = 0.13223 Ib, = 1.3070B-02cP, | gy | 1-26106E+03] 3.72154E+03] 6.02174E+03) 8.0564412403) 1.03793E+04] 1.12874B104] 1.15594E404 
k 98, p= 0. 116198 Ibift* Q, | 1.08527B+04] 3.202768+04| 5.18231 +04| 6.93337H+04| 8.93243E+04) 9.71391 B+04| 9,94802E+04 
Y | 9.98244E-0i | 9.841991-01 | 9.56109E~01 | 9.13974E-01| 8.24436E-01] 7.47188E-01 | 6.5589SE-O1 
IcD |2 2 2 | _ 42 2 2 
Tr= 50.00°F, Pr= 100.00 osia, ~ |G, 1 6.02281R-01 1 6.01929R-01 | 6.01052R-01 | ¢.n0908F-011 6.00783E-011 6.00728E-01 | 6 O0687E OL 
131109 Ibift®, 42 1.0670B-02eP,"| ¢,, | 1.93609E+03| 5.78756E+03| 9.60283E+03) 1.33596H+04| 1.883490:04| 2.23448E+04 2.57157E+04| 
3622, py = 0.044210 Ibift? Q, | 4.37931B+04) 1.3091 12405} 2.17209+05] 3.02185E+05| 4.26032H+05] 5.05425E405| 5.81671B+05 
Y 1 9,99750E 01) 9.97750E-01 | 9.93750E-01 | 9.877512-01| 9.75002E-O1) 9.G4003E-01 | 9.5 1004E-01 
icp |2 2 2 2 [2 2 2 
1000.00) G, | 6.022708-01/ 6.013262-01| 6.01048E-01| 6.00902E 01] 6.007738 O1| 6.00716E O1| 6.00671E-01 
y= 1 Gq | 2.79822B+04 | 8.38147B+04] 1.39626E405| 1.95429E+05| 2.79125E+05] 3.3491 8E+05) 3.90709F405 
0, py = 0.116198 lb/ft? Qy | 2.40815E+05| 7.21309E1-03] 1.20162E+06] 1.68187E+06] 2.40215E+06] 2.882308+06| 1.36244E+06 
Y | L,00000B+00 ‘LOUIE 00 1,00000E400] 1.00000E+00] LO0CO0E+00) 1.00000E+00! 1.00000E+00 
ICD |2 |2 [2 2 2 _|2_. 
Ty 9.00%, Py = 200,00 psia, Gi S.016018-Of SOmEa 6.00770E-01 | 6.00670E-01| 6.0058 LE-01] 6.00541E-01 | 6.00511E-O1 
4=135208-02 -P, | g, 03) £.48378E +04) 246708104) 3.44961E +04) 4.884729t404] 5,827580404) 6. 75203E404 
“3198.9 Ps, 0.116198 thie Q, fossieney4 1,27695E+05| 2.12317E+05| 2.96271E+05] 4.20379E+05} 5.01522B+05| 5.81080E+05 
9.9987 1B-01 | 9.98839B-01 | 9.9677SE-01 | 9.93679E-O1] 9.87100E-01| 9.81423E-01 | 9.74715E-OL 
[icp [2 2 2 z 2 2 i fe 
p= 50.00°F, Py= 500.00 psie, Gi | 6.01546E-01 | 6.0093 1E-01 [6.007478-01| 6.00650E-01| 6.00364H-01 | 6.00525E-01 | 6.00495E-Ol 
Prp = 1.6623 Ib/EP, M = LI3IOE-62 cP, | g,, | 4.47090K+03} 1.339378+04| 2.229825+04| 3.11749E+04| 4.44154E+04| 5.3 1772E+04] 6.18746E 404. 
A= 1.3622, p, = 0.044210 bit? @, | 1.01129B+05| 3.02957E+05] 5.043708+05| 7.05 156E+05] 1.00465E+06] 1.20283E406] 1.39956H+06 
¥ | 9,99950B-01] 9.99550E--01| 9.987502-01 | 9.97550E-01} 9.95000E-01 | 9.92801E-01 | 9.90201 R-OL 
Icb |2 2 2 9 D. 2 42 
Tr= 130.00°F, Pr= 1000.00 psia, Gy | 6.0150155-01 | 6.00908E-01 | 6.00730B-01| 6.00636E-01 | 6.00552E-01| 6.00514E_01 | 6.0048SE_O1 
7573 Ibi, 1 = 1.3650E-02 cP, | g,, | 5.76861E+03| 1.72855E+04| 2.87890+04| 4.02741B+04| 5,74530E+04] 6.88633E+04] 8.0231 32404 
4622, 0, = 0.044210 Toft? @, | 130482805) 3.90985F+05) 6.51 1885+05} 9.10974E.05) 1.29955E406) 1,55764B406) 1.8 1479405 
¥ | 9.99975E-011 9.99775E-01 | 9.99375E-01} 9.98775E-01| 9.97500E-01 | 9.96400E-O1 | 9.95100F-01 
Icp |2 2 2 2 2 2 2 43 
T= 140,00°F, P= 2000.00 psia, €, | 6.01420E-01 | 6.00863E-01 | 6.00695E-01 | 6.00606B-01| 6.005262-01| 6.00491E-01| 6.00463E-01 
2.465 Ibi, f= 41TIOE-O2 cP, | g,, | 1.97883E+04/ 5.93104 +04] 9.88230E+-04] 1.38332E+05} 1.97591F405} 2. 3709SE+05| 2.76598E405 
0, py = 0.116198 loft? Q, | 1.70298E1-05| 5.10425E+05| 8.50471E+05| 1.19048E+06! 1,70046R+06) 2.04N44F +06! 2 18040F405 
¥ | 1.000006+00/ 1.000008+00] 1.000008+00/ 1.00000+00} 1,.00000400| 1.00000E..00| 1.00000E+00] 
rcp |2 2 2 2 2 2 2 
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90 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 


(Dp = 14.31154 in, a = 0.00000620 invinF, dy, = 5.82817 in, ey = 0.00000925 in/in-F) 


oe AP (inches H,0 at 60°F) 
Flow Conditions value [> 9484 | 202360 | 56.2110 | 110.1736 | 224.8440 | 373.7754 | 4406943 
T= O00, Pea 14,096 psta, Gy |1.21145E+00|9.33862E-01) 8 486446-01| 8.03920E-0117.64763E-01 | 7.4758 10-01 | 7.34386E-OL 
Pip = 58199 Tb’, 2 = 1.86508403 oP, | g,, | 1.71175E405| 3.95867F4N5| 5. 90564R405| 7.95163E+05] 1.08060E+06] 1.26759E+06] 1.45275106' 
E=-10, py = 56. e6l ili @, | 3.01041-403| 6.96193E205] 1.05444E+04| 1.39843E+04| 1.90043E+04] 2.22928E+04| 2.55492B+04 
¥" | 1.000002100] 1.000000] 1.000008+.00] 1.0000084.00] 1.00000E4.60} |.00000E+00] 1.00000H400 
icp |-5 4 4 4 3 


Gy [7.19472E-01 | 6.91710B-01 | 6.66211B-01| 6.527768-01 | 6.40546E-O1 
Gm | LW88L0L+05] 2.896804+05 | 4.65001 F+05 | 6.3 BES 
1.01961F404! 5 094459F413] 8.17785R403] 1. 12181 E404 1.5T256E+04 
Y" | 1.000008+00] 1.00000E+00] 1.00000L+00] 1,000002+00] 1.00000E+00| 1.0G000E:.00} 
tep |-4 3 3 = 3 =) 
G_ | 6381738 OL] 6 14066r-01 [6 1004-01] 6O84A2R-01 G.06863F-O1| 6.061921 OL 6.05684E-01 
8.69066H404| 2.50060B405] 4,175178405 8.303402. S306R+N5) 1,16022F-+06 
Q, | 1.52841E+03] 4.43291B103| 7.342762.03 { ODeSE4 1.46030E-+04] 1.75042E-4.04] 2.04044E+04 
Y | 1.00000F-+00] 1.90000E400] 1.00000E+06] 1.00000+00] 1,00000E-+00} 1.00000E+00) 1.00000E+00 


06 
2,16610E+04| 


icp |-3 2 2 2 2 2 2 
Ty= 60.00°R, Py= Te psia, G | 6.05345E-01] 6,03025E-01| 6.02375E-01] 6.02042E-01 | 6.01753E-OL] 6.01626E-01 | 6.01528E-O1 
52,366 tbitt3, ge = 1.1990 oP, am | 8.86425E404| 2.6491 1F+05| 441042805] 6.171 17E+05| 8.81173E+05] 1,05718E+06] 1,23318E+06) 
1.0, iy = 62.366 ort Q, | 1.42133E+03| 4.24768H+03| 7,07183E+03] 9.89509E+03) 1.41291E+04] 1.69513E+04) 1.97733E404 
P| 1,00000E+00) 1.00000E+00} 1000002100) 1.00000E:-00] 1.000005+-00) 100000800} 1.06000E+00 
icp |2 2 2 2 2 2 2 
Ty= 210.00°R, Pr= 14.696 psia, C, | 6.02602E-01 | 6.0161 1E-01] 6.01321E-01| 6.01170E-01| 6.01036E-O1| 6.00977E-01| 6.0093 15-01 


9159E404 | 2573241105! 4.28667E 1 OS! 5.99983E105) 8 560IRR105) 1.02891 E+06) 1.100401406 


8.792 Ib/ED, 


2.825001 P| gn 


8, fp = 62.366 Ib/t? @, | 1377608403) 4.12604R403] 6.8734 14031 9.62036H+03) 1374030404) L SEBS 7E 104) 192331204 
y 1.00000B+00) 1.00000E+00] 1.00200E+00] 1.000008+00] 1.00000E+00) 1.00000E+00| 1.00000E+00 
TcD |2 2 2 2 a 2 2 
Ty= 0.00°F, Pr= 14,696 psia, Cy | 602569501 | 6.01599E01 | 6.01325E-01! 601191801 6.07000H_O1 | 6.01060E-01] 6.01051E-O1 
= 0.13324 tbift, 1 = 13070802 oP, | g,, | 4.05123F+03] 1.19635E404] 1.93613E+04) 2500551404] 3.33767E+04| 3.62073E+C4l 3.717238+04 @ 
3198, p, = 0.116198 Ines QO, | 3.48649F+04| 1.02958E+05| 1.66623E+05| 2.229428+05| 2.872402+05| 3.12375E+05| 3,19905F+-05 
¥ | 9,98244E-01| 9.84199B-01 | 9.56109E-01| 9,13073E-01| 8.24435H-01| 7.471861-01 | 6.55892E-O1 Ye 
IcD |2 2 2 2 2 2 2 
% "= 10000 psi, ec ae ne eae ee pe eo Pe on 
Pup = 0.31109 iba, {= 1.06T0E-02eP, | gq, |622253E+03) 1 860926404] 3,08207Ex0e| 4.296431+04| 6.05760E+04) 718663E+04] 8.270021H04 
k= 1,3622, P= 0044210 w/t Q, 1,40749E405 | 4.209296405 | 6.98499B+05| 9.71824E+05} 1.370198+06) 1.62557E+06} 1.87082E+06 
¥' [9,99 750H-01 | 9.97/50B-01 | 9.937505-0 | 9.87751E-01 | 9.75002B-01 | 9,64002H-01 | 9.5 1003E-O1 
icp |2 2 2 2 2 2 2 
‘Ty= 0.00°R, Pr= 1000.00 psia, Cy §,01932E-O1 | 6,012478-01 | 6.01049B-01 | 6.0093GR-01 | 6.008401 | 6.00797E~01 | 6.00764E-01 
Pip 072, Tone, He 1.5430B-01 cP, Fn 8,99337B+04| 2694978405 | 4.49009E+05| 6.28500B+05| 8,977 14F+05| 1.077 f85+06| 1.25664E+06 
E10, py = 0.116198 Ibs Q, | 7.73970E105] 2.31929R-+065 3, 864176406) 5.40887E+06] 7.72573+06| 9.27022F+06] 1.08147E+07 
yo dig 1.0000 1 01 1.000008.00! 1.000008.001 1.00000R-.00! 1.000008-+00) 


2 


2 2 2 2 


T= 0.00°R, Pr 200.00 psia, Gj = | 6.01446E-01 | 6.00979E-01 6.00763F- | 6,00696H-01 | 6.00666E-01 | 6.00643E-01 
P,, 0466 Ib/it?, ft = 1.352002 oP, du 1,99344R404) 4.771 72ZE+04 4) 11072305 145405) 1.874438+05) 2.17181 B05) 
A= 1.3198, p, = 0.116198 Ib/f? Q, | 1.37131B405) 4.10655B+05 6 828496 +05] 9.52900B+05} 1. "352 12406! 1.613140+06) 1.86906E+06| 
Y 9,9987 1-01 | 9.98839E-01 | 9.96775E-01 | 9.93679E-01 | 9.87099B-01 | 9,81423E-01] 9.74715E-OL 

ICD |2 2 2 2 2. 2 2 
ig 50.00°F, P= 500,00 psia, G, | 6.01407B-01 | 6.00957E-01 | 6.00821E-01 | 6.00748E-01 | 6.00683R-01 | 6.00654E-01) 6.00632E-O1 
Pip = LG623 1B, w= Ligzton-o2ep |g, | 1.43742R104! 430737404 7. 17157R+04| 1.00269H+05! 1428608405] 1.71045F+05] 199022405 
ke. 3622, Py = 0.044210 Ibe? Q, | 3.25136E+05] 9,74298B405} 1.622168+06} 2.26802E+-06] 3,23 140H+06] 3.86892E+06) 4,50175E+06 
¥ 9.99950E-01 | 9.99550E-01 seen peas 9.95000E-01 | 9,92800E-01 | 9.90201E-01 

ELIcD [2 2 2 2 2 
T= 150.00°R, egies 1000.00 psia, Cy | 6.0137SE-01 6.00941E-O1 <NGOEDI SOOO 6.00675E-O1 | 6.00647E-01 | 6.00624E-O1 
Pin = 2.7573 lb/ft, tt = 1.3650B-02 eP, Gy | 185469404] 5.55R99E-+04 | 9.25024F+04 | 1.29536R105 | 184796405] 2.21 500E+05] 2.5807 1E+05 
= 1.3622, p, = 0,044210 tb/fi* Q, | 4.19518E+05] 1.25741E+06| 2,094388+06| 2.93002E+06| 4.17996E+06] 5.010198+06) 5.83738E +06) 
v 9,9997SE-01 | 9.99775E-O1 | 9,99375E-01 | 9,.98775E-01 | 9.97500E-01 | 9.96400E-01 | 9.95100E-01 

IcD |2 2 2 2 2 2 2 
= 140,00°R, Pr= 2000.00 psia, G, | 6.01316E-O1 | 6.00908E-01 | 6,00783F-01 | 6.007 16-01 | 6.00656E-01 6.00629E-01 | 6.00608E-01 
32.465 1b/B3, f= 4.1710E2 cP, @m | 6.36245E404) 1.90746E+05] 3.17843E105 | 444931E+05| 6.35552E+05| 7.62628E+05| 8.89701 B+05 
©, py = 0.146198 thin? OD, | SATSS2E40S) 1.G4156E+06) 2.72536E4.06) 3,82007H106) 5,4S05GB106) 6.563 18H106) 7.65677B+06 
¥. 1.00000E+00) 1.000000-+00] 1,00000K+00] 1.00000E1-00] 1.00000E+00] 1.000002+00) 1,00000E+00 

IcD [2 ab 2 2 2 2 2 
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SECTION S—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND o1 
Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 
(Dy = 29.37598 in, a = 0.00000620 in/in-°F, dy = 11.96094 in, a4 = 0.00000925 in/in-°F) 
AP (inches 1,0 at 60°F) 
Flow Conditions 2.2484 20.2360 56.2110 | 110.1736 | 224.8440 | 323.7754 | 440.6043 
Tr= O.00R, Pro ld 696 psia, hr 1.Of2R6R+00! 8.1982RR-O1 | 7.621 96R 11 7.32947R01 | 7.069R7RO1 | 6 94098R-01 1 6 86929R-O1 
Pop = 58.199 tht, x = 186502403 cP, | g,, | 6.02779E405] 1.463718 +06] 2267822406] 3.0504'7E+06| 4.203328-06| 4.96293+406| 5.7174 7406 
k2-1.0, p, = 56, ae Than G, | 1.06009F+04] 2.574 L9F+04] 3.98835E+04| 5.36479 +04] 7.39227E+04) 8,72818E+04| 1.00592E+05 
Y | 1.00000E+00} 100000800} 1.0000081-00] 1.n6000E:;00} 1.000008 100] 1.00000F 100] 1.00000F109] 
icp |-4 4 3 3 3 3 3 
Ty= 63.00°R, Py= 14.696 psi, [| 7.16018-01/ 6.577438-01 | 6.39850H-01| 6.29603H-01| 6.20103E-01 | 6.17910E-01 [6.16261E-01 
Pap Me BORHI2 cP, Gn 4209825405 | 1, 16017106} 1.88101L+06] 2.591258+06] 3.64992E+06} 4.35963E+06| 5.07266E+065) 
k= -If, py, = 56. eel Theft? a 7 A0VTNFAN3 | 2 MO6F 40d | 9 ANRNOF 404) 4.5471 KR04; 6.41 199R 404) 7.6671 7E+04) 8.9211 7B40d 
¥ | 1.00000E+00j 1.000008-00] 1.090008+00] 1.00000R-00] £.00000R+00] 1.00000F+00| 1000008400! 
Ic |-3 3 3 3 3 3 3 
Ty= 176.00°R, Pr= 14.696 psia, €, | 6.18033E-01| 6.09276E—01| 6.06951E01 | 6.05793E-01 | 6.04810E-01 | 6.04387E-01 | 6.04065E-01 
Peo L7AVORLOL eR, | g,, | 356150H+05) 1.05335Be06! 1.7488RR1 06! 2.44376H06 3.48542E106) 4.179S8+06! 487358106 
Q, | 6.26367E1-03| 1.85250E+04] 3.07571 2.04} 4.297 78E--04| 6.12972E.04] 7.35052E+04] §.57104E+04 
L.00000E+00) 1.00000E+-00] 1.00000E+00) 1.000008:-00] 1.00000E+00] 1.00000L+N0] 1.000007+00} 
H ICD 43 2 2 a 2 z 2 “i 
0.00°F, Py= 14.696 psia, G | 6.03849E-01| 6.02357E-01 | 6.01930E-01| 6.01709E-01 | 6.01515E-01| 6.01430£-01 | 6.01364E-01 
2.366 IRAP, H= ET dy, | 3.72425E+05] 1.11452B+06] 1856228+06] 2.59776E+06| 3.70989E+06| 4.45123E406| 5.19254T406 
I" 1.0, p, = 62.366 bt Q, | 5.97160E+03| 1.78707E+-04| 2.97634B+04] 4.1 6534E+04] 5.94858E+04] 7.13728E+04] 8.32591 +04 
Y | 1,0000E+.00] 1.000008+-00} 1,00000E-00} 1.00000E+-00} 1.000005-+00] 1.00000E+00] 1.00000B00 
Icb |2 2 2 2 2 2 3 
‘Tp= 210,00°F, Pp= 14.696 psia, Gz | 6.02081-01] 6.0142 16-01] 6.012248-01 | 6.01 120-01] 6.01028E-01] 6.00986E-01] 6.00954B-01 
Pep = 58,709 Ibe, Hs $2508 61 oP, Qu 3.615481 1 05] 1.08347E1 06] 1.80518E 1.06] 2.526821 06] 3.60919E+06) 4.33073E+06| 5.05224E+06 
£=-LO, Dp = 62.366 IAC @, | 5.797208+03) 1.73727Bi04) 2.89450R404) 4.05 GURH04) 5.7871 11404) 6.94405R404) 8. 10096E 04 
¥ | 1.00000E+00] 1.000080} 1.00000B+00] 1.00000H+00| 1.00000E+00] 1.00000E400] 1.00000E+00 
Icb |2 2 2 2 2 2 2 
Tp=0.00°R, P;= 14.696 psia, G, | 6.02057E-01] 6.01411E 01] 6.01225E-01] 6.01133E-01] 6.01064E-01| 6.01042E-01 | 6.01036E-O1 
F 13223 Iv, je = 1.3070K-02 cP, | g,, | 1.70486E+04] 5.03726E+04| 8.153308+04] 1.09099H+05| 1.40571#405] 1528751405) 1.56561 E+05 
A= 1.3198, py = 0.116198 tovet? O, | 1.46726E+05] 4.33507B+05| 7.01673E+05| 9.38907F+05] 1.20978F+06] 1.31564F+06] 1.34736R+06 
Y | 9.98244E-01| 9.84199E-01 S6100E- 01 9.139746-01| 8.24437E-01| 7.471901-01 | 6.55897E-OL 
Icp |2 2 2 2 2 2 
50.00°F, Py= 100,00 psia, G) | 8016360-01] 6.011 74E-OE Sean 6.00860L-01] 6.00895E-O1) 6.0086G8-01 | 6.008445-01 
Pap 31109 tbvte, = 1.0670E-02 cP, | g,, | 2.61953E+04] 7.83692E+04] 1.30061 E+05] 1.80964E+05| 2.55156B+05| 3.0271 98405) 7.48397E405 
k= 13622, py= 0.044210 Ibit? Q, | $.925208+05] 1.77266E+06} 2.94190E+-06] 4.09329E+06] 5.77146E+06| 6.84729E406| 7.88050E+06 
9.99750E-01 | 9.97750B-01 | 9.9375 1F-O1 | 9.8775 E01 | 9.75002E-01] 9.64003H-0t | 9.5 1004E-O1 
2 2 2 2 2 2 
{7} -0.00r, Py 1000.06 psia, of] 6.01645E-01 | G.OLL7 1E-0t | 6.010316-01 | 6.0095GE-01 | 6.00889B-01 | 6.00858E-O1 | 6.00835E-01 
Pep = 65.072 Ib/EP, 1 = 1.5430E-01 cP, | g,, | 3.78599E+05] 1.13493E+06| 1891118406] 2.64723E106] 3.78133F406| 4.53797F+06| 5.29330R406 
&=~10, pp = 0.116198 Ib/tt? Q, | 3.25822E+06] 9.76724E+06] 1.62749E+07| 2.27820E407| 3.25421E+07| 3.90486E+07| 4. SS549EH07 
¥ | 1000008400! 1.000008+901 1 0! 1,00000E+NOl 100000800! 1.000008+00 
Icp |2 2 2 2 2 | 
ie Q.00°F, P= 200.00 pia, ,  [6.013085-01 ]6.00986R-01 6.00834E-01| 6.00786E-01] 6.00765E-01 
466 tit’, p= 13320B-02 P, | 4, E 5] 4.6641 1E+05) 6.61837E105) 7.89610E+05) 
£2 13198, Py = 0.16198 bite? @, | 5-77442B+05 2.87628E+06| 4.01393E+06| 5.69577E+06] 6.79538E+06| 7.87354E+406 
Y [9.99871T-01 9.988991-01 oie a 9.93679E-01 | 9.87100E-01| 9.81424E-01 | 9.74715E-O1 
ICD |2 2 2 2 [2 
Tp 50.00°R, Py= 500.00 psia, G, [601281801 SOvaEAI Sune 6.00824F-01| 6.007788-01] 6.00757E-O1  6.00740E-O1 
6623 Ibie?, w= 11310802 oP, |g, 16.05209R+0d! | 81d24R+05] 3.02082R405] 4.22371 F405] 6.0170RE+05 7.20536E 4051 & ARAN ROS 
k= 1.3622, p, = 0.044210 toi? ©, |1,369138+06| 4.10368E+06| 6.83289E+.06| 9.55374E+06| 1.36123E+07| 1.62080E+07| 1.89641E+07 
¥___|9.99950E-01 | 9.99550E-01| 9.98750B-01 | 9.97530E-01| 9.95000E-O!| 9.92801-01| 9.90201E-01 
top 2 a 2 2 2 2 
Ty= 150,00°F, P7= 1000.00 psia, G__[6.01261E-01/ 6.00961E-01| 6.00868E-01 | 6.008 18E-01| 6.00772E-Of| 6.00752E-01 | 6.00736E-01 
Pap = 2.757 thife. = 1.36508-02 0, | q,, | 7.81016F+04]2.394143E+.05| 3 900228405] 545658405] 778457405] 9.33087E405| 1.08715E+06 
k= 1.3622, py = 0.044210 ite Q, | 1.76660L+06| 5.29616E+06] 8.822038+06] 1.23424E+07] 1.76082E+07} 2.1 10581+07| 2.45906E+07 
Y _ |9.99975E-01| 9.99775E-01 | 9.99375E-01| 9.9877SE-01| 9.97500E-01| 9.96400E-01 | 0.95160E-O1 
IcD |2 2 2 2 2 2 2 
Ty= 140.00°F, Py= 2000.00 psia, G, | 6.012208-01| 6.00937B-01| 6.008498-01 | 6.00802E-01] 6.00759E-01 | 6.007398-1 | 6.00724E-01 
32.465 Ib/P, y= 4.17108-02 oP, | q,, | 2.67933E+05] 8.03429E+05| 1.33885E+06| 1.874242+06| 2.67730E+06| 3.21265E+06| 3.74800E+06 
~LO, 9, = 0.116108 Init? OQ, |2.30583E1061 6.9143 LE 106! 1 15221B 4071 | G1297E+07} 2.30408E +07! 2.76481 E1071 3.22553B107 
Y | 1000002100] 1.00000E+00] 1.000020} 1.00000E+00} 1.00000E+00| 1.00000E+00] 1.00000E+00| 
icp |2 2 2 2 2 2 2 
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92 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


} 


Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 


(Om = 1,93945 In, or = 0.00000620 in/in-F;, dm = 1.08126 in, ox = 0.00000925 in/in-°F} 


a AP (inches H,0 al 60°F) 
Flow Conditions Value | 7.2484 20.2360 56.2110 | 110.1736 | 224.8440 | 393.7754 | 440.6943 
Te= 0.00°R, Pps 14,696 psin, ©, ([2.79017800) 18867600] 1.59671+00! 1.4396 1E+00/ 1.29789E+00] 1.23417E+00] 1.18446B+00) 
Pip = 58.199 bit, = 1.8650E403 oP, | g, | 1.26903E+04| 2.57445E+04| 3.631 14E+04| 4.5834 112+ 04] 5.903 160404] 5.73508E+04] 7.54212 +04 
KE-L.0, py = 56.861 tb/ft* @Q, | 2.23181F402| 4.52761E+02) 6,.38599E+02| 8.06072E+02| 1.038 17F+03] 1184647403] 1.32641 F403 
FY | 1,000008100} 1.000008.-00] 1.000096.00] 1.00900E00] 1.0000B-00) £.000002:-00} {.00000H+00 
Icb | = 5 = 5 -5 4 
Ty= 68.00°F, P= 14.696 psia, Cj | 1.35172E400] 1.01838E+00] 9.15216-01 | 8.605792-01 | 8.121 16E-01| 7.90545E-01] 7.73776B-01 
Pip 6.660 Iba", = 2,12200+02 cP, Qa G.07397E+03) 1.37284E+04) 2.05628E+04| 2,70694L+04| 3.649281 04] 4262825404 4. 7OE+)4| 
Rea O, py = 56.861 etd 0, 1.068211402| 2.41438P402 | 3.61633F40) | 4.76069R0 | 6 40 7CNF 419] 7 49601 F217] 8 S6NRTF407 
1,00000R:+00) 1.c0000R+00] 1.00000E+00] 1.000091+-00] 1.00000E+00] 1.00000B+00] 1.00000B+00] 
Ie | -s -4 4 4 -4 4 -4 


G, | 7.91821R-01] 6.93475E-01 | 6,58288E-03 | 6.37689E-01 | 6.30764E-01 | 6.27849E-01 | 6.25659E-O1 
% | 3.487567203! 9,1632811031 1449728104! 19661081041 2.77821B1041 3.31845B404! 3.85807R404 


Q, | 6.13349E401) 1.61152E102| 2.54959E +02) 3.45773Et 02) 4.88597E1-02) 5.83607E+02) 6,78500E+02] 
¥ L.00000F+00) 1.06000F-+00) 1.00000R+00) 1.00000F200) 1.00000E+-00) 1.00000E+-00) 1.00000E+00) 


icD | 3.38 3 3 3 ie 
T= 60,00°F, Pr= 14.696 psia, Cy 6,24217E-O1 | 6.14514E-01 | 6.11855E—-01 | 6.10500E-01 | 6.09323E-01| 6.08806E-01 | 6.08408E-01 
62.366 Iivit?, 2 = 1.1990 eP, Gm | 2.942328403] 8.68984E +03] 1.44204F+04| 2.01438R+04| 2.872 144-04) 3.44365E404) 4.01 496R404] 
k=-1.0, 0, 62.366 lose Q, | 4.71783E+01| 1.39336E+02| 2,31222F+02| 3.22994 +02| 4.60530E+02| 5.52168E+02| 6.43775E+02| 
1,00000E+00} 1,00000E+00] 1,C0900E+00} 1.00000E+00) 1.000008+-00) 1.00005E+00) 1.00000E+00 

cD 13 2. a 2 Pa a 2% 


t= 210.00°R, Is 14,696 psia, Cj | 6.12772E-O1| 6.08733E-01 | 6,.07550E-01 | 6,06928-01 | 6.06374-01 | 6.06127E-01| 6.05935E-0L 


82505 Ol oP, In 81680403] 1,394230+-04} 1949921404] 2.78307L+04| 3.23832E+04] 3.89347E+04| 
1.0, pp = 62.366 iba? Q, | 4.5095iR+0i) 1.34393E402 | 2235580402 | 3. 12658202) 4462470402) 535279R102) 6 24294E 402, 
Y 1,00000E+00) 1.000001+00] 1.000008+00] 1.00000H+-00; 1.00000H+00) 1.00000H+-00) 1.00C00H+00) 
Icp |2 2 2 2 2 2 2 
T= O.00°F, Py = 14.696 psia, Cy | 6.12650E-01 6.08703E-01| 6.07587E-01 | 6.07039B-01| 6.06630E-01 | 6.06511E-01| 6.06488E-01 
19293 IMP, y= 1. 3070-02 cP, | a, 1,32.576E402| 3,89367E402| 6,.28445F+02| 8.385 17E+02) 1.07417E+03] 1.16154E+03) 1.17968E+03 e 
Ds = 016198 feviing Q, | 1,14095H+03] 3.35089E+031 5.40839B+031 7.21628E+03 | 9.2443 1E+031 9.996 18E+031 1.01523E+04! ces 
¥ 9.98168F01 | 9,83509F-01 | 9.54191B-01 | 9. 10214E-01 | 8.16762E-01 | 7.36138E-01| 6.40854E-01 
IcD |2. 2 2 2 2 2 2 
T= 50,009, Py= 100.00 psia, Gy | 610059601 | 6.072686-01 | 6.064326-01 | 6.05981 Bi | 6.05601 Bi | 6.05430841 | 6.05299 401, 
Prp = 9.31109 Thi’, a= 1.08708-02 cP, | gy | 2.03002B+02| 6.04959R+02] 1.00266E+03] 1.39387B+03] 1.96313B+03) 2.32733E+03] 2.67637E+03 
Ke 1.3622, p, = 0.044210 tees Q, | 4.59176B+03] [36838E+04) 2.26796E+(4| 3.15283E-04] 4.440488 04} 5.26427E+04] 6.05376E+04 
9,99739F AM | 9.97652B4 | 9.03477BH | 9.87215K-01 | 9.73909K-01 | 9.62428H-U1| 9.48861 E-01 
IcD |2 2 2 2 2 
= 0.00°F, Pr= 1000.00 psia, CQ; 6.L0055E-01 | 6.07261E-01 | 6,06421E-01 | 6.03973E-01 6.03572E-O1| 6.05392B-01 | 6.05251E-01 
ns 65.072 IbéA, Bel, 5430B-O1 eP, 9% | 2.93394B+03) $.76159B403) 1458246404] 2.04003E+04) 2.912405 +04] 3,49384E+04| 4,07520E+04| 
k=~-L.0, p, = 0.116198 bate? Q, | 2.5249SK+04) 7.54022E+04) 1.254966+05| 1. 75565R+05 3,00680F+05 
¥ io : ORTON 00 
icD [2 2 2 
.00°F, Pr = 2(H0.00 psia, , | 6.08078E-01 | 6.061 55E-01 | 6.05563E-01] 6.05246E-01] 6.04962E-01| 5.04834E-O1 | 6.0473SE-O1 
Pip = 2.0466 ipa, = 1,3520B-02 cP, Gn | 5-185648402) 1.54912E403| 2. +05) 3 724-03 | 5.090335+03] 6.07043R+03| 7.03046R+03 
os 1,3198, p, = 0. 116198 Then? Q, [escrazos 1.33317E+04) 2.21499F+04| 3.0893 1F+04) 4.38073R+04) 5.22491 R404] 6.05041 E +04, 


Y' |9.99863E-01 | 9.98788-01 | 9.96534E-01 | 9,93402E-01 | 9.865365-01 | 9.806115-01| 9.736108-01 
ICD |2 2 2 2 2 2 2 
00°F, P-= 500.00 pais, G | 6.079122-01| 6.06060E 01] 6.05488E 01] 6.051808-01 | 6.010028-01| 6.01777E-01| 6,04679H-01 
6623 WE, = LISLOE O2eP, |g, |4.67704H402! 1,308278403/ 2.32620H+03/ 3. 25108R103! 4.62088E1031 5.54 188E+03] 6.44681 E103 
3622, Pp = 0.044210 Tete? g, 1,05791E+04) 3.16278E-+04| 5.26192E+04/ 7.35371 E+04| 1.04725E+05] 1.25354E+05) 1.45822E+05 
Y’ | 990048201 |0.995305-01] 0 98505401] 99744301] 9.94782H-01| 9.92486E-01 | 9.89728-01 
{icD |Z 2 ie z z 2 2 
Ae '50.00°F, P= 1000.00 psia, | Ga 6,07775B-O1 | 6.05982E-01 | 6.05427E-01| 6,05t28E-01 | 6.04857E-01] 6.04735E-01 
7573 Ib, = 1.365002 cP, 9m | 6.03389E402| 1.80447E+03| 3.00344E4-03| 4.20010E+03| 5.98947E+03] 7.177640+03| 
ie 13622, py 0.084210 Ibyer* Q, 1. 36482R+04 | 4.081 59H+04] 6.79357E+0¢ | 9.50034 +04] 1.35478E+05| 1.62353E+05] 1.89124E+05 
Y' | 9,999748-01 | 9.99765E-01| 9.99348E-01| 9.987218-01 | 9.973918-01| 9.96243E-01 | 9.94886E-01 
icp [2 2 2 2 2 2 2 
Ty= 140.00°R,  Cieaper t q | 6.07534E-01 | 6.05843E-01 | 6.05317E-01 | 605033201) 6.04776E-01| 6.04659E-01 | 6.04567E-01 
Pip = 32.4¢ Ibs 1710E-02 cP, J, | 2.06928E+03| 6.19064E403) 1.03088E+04) 1.44255E1-04) 2.05991 E+04) 2.47141 E+04| 2,88288E+04 
wa G, | L780R3R+04| 53275604 RATITIMG LAGOS] LTIZTOROS| 2.12690E40S| 2.48 1008405 
1.060008:-00) 1.00000r:+00} 1-000006:+00} L-ogd0nis+80| 1.0000E+00| 1-o000NE+Co| 1.000005+00 
Icp [2 2 2 2 2 2 2 
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SECTION $—CONGENTAIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 93 
Table 4-C-5—Selected Round Robin Test Results Mairix—US Units 
(Op = 2.90038 in, a 5 50660626 invin—F, dy = 1.64689 in, a = 0.00000825 in/in-°F) 
cell AP (inches FF,O at 60°F} 
Flow Concitions Value | 2.2484 20,2360 36.2110 | 110.1736 | 224.8440 | 323.7794 | 440.6943 
Ty 0.00"F, Pr= 14,656 psia, G, | 2.41409E+00| 1.65683E+00 1414672400] 128391800] 1.16631E+00| 1,11358E+00] 1.07252E+00 
Pip = 58.199 thin w = 18650E+03 cP, | gy | 24717 7TE+04] 5.08929E+04) 7.24242E+04| 9,202 18E+04] 1.194 191+05] 1.36823E+05] 1.53741 E+05 
k==1.0,p, = 56.861 Ibs Q, | 4.34704B-+02| 8.9504 FE+02| 1.27371E+03] 1618366103] 2,10019E+-03] 2,40628E+03| 2.70381E+03 
Y _ | 1.000000+00] 1.00000E+00] 1.00000E+00] 1.00000B+00) 1, 000004+00! 1.00000E+001 1.00000E+00) 
Icp |-6 | -5 Ss fs |4 4 4 my 
= 68.00°H, Py= 14,696 psia, G,__ | 1.21094E+00] 9.35896E-01 | 8.51475E01| 8.06809E-01| 7,67033E-01 | 7.49 192E-01 | 7.35212E-O1 
6.660 If Gq | 1-22496E#04) 2.8402 1404) 4.30660R+04) 5.713078404) 7,759 17E+04) 9.09443E404) 1041228405 
Q, | 2.15430B+02| 4.9950 1E+02] 7.57406E+02] 1004741403} 1, 36459H+-03] 1.59941E+03} 1.83 L1GE+03 
¥ | 1.00690E+00] 1600008400] 1.000008300] 1.00000B:.00] 1, 000C0Z:00| 1.00000E+00} 1.000008+00 
icb |-5 4 4 + 3 3 3 
Tp= 176.00°R, Py= 14.696 psia, G, | 7.30248H-01 | 6.64836E-01 | 6.355082-01 | 6.29207E-01| 6.23979E-01| 6.21766E-01 620008501] 
34.214 ibgh?, = L7490E+01 PL | gy, | 7.43895E+03| 1.97764B+04| 3.15066R104| 4.367206: 04] 6,18702E +04] 7.39809E+04} 8.60795E+041 
0, Ps = 56 861 Ibe @, | 1.30827E+02| 3.47803B+02 5.54099E+02| 7.68048E+02| 108809H+03] 1.30108E+03] 1.51386E+03 
Y | 1.00020E+00] 1.60000E+00] 1.00090E+00] 1.000006+00] 1,00060E+00) 1.00000E+00} | .00000E+00 
Icp |-3 3 a 3 3 3 3 
Tr= 6.00, Py=, 14.696 psia, G, | 6.18993E-01 | 6.11483E-01 | 6.09384ED1| 6.08303E-01] 607357501] 6.06940L-01 | 6.06617E-01 
: Gm | §-56830E+03] 1.94660E+04] 3,23319B+04| 4.518446+04| 6.44488E+04| 7.72855E+04 9.01 1848404 
G,, | 1053198403) 3.19125H403) 7245048402) 1 033400+03) 1.23922B+03) 1 .444098403 
¥__ | 1.000008+00] 1.c00008+00 1,00000E+00] 1, 00000E+-00] 1.00000E+00} 1.000008+00} 
Icb [3 2 2 2 2 2 
Ty= 210.00°F, Py= 14.696 psia, G, | 610114801 | 6.06883E01 805410E-01| 604954801] 6.04749B-01  6.04589E-O1 
Pup = 58.792 Ib/f?, = 28250B-01 cP. | a, | 6.30380E403 437868E+04 TAORE Rf] 8.7A54RE OA 
85 -1.0, p, = 62.366 hit @, | 1.010778+02! 4.0163 2| 7.020946 +02 03 
¥ | 1.000008400] 1.00000B+00 1,00000B+00 
Icb [2 2 2 ae 
T= 200°, Py= 14.696 psia, Gy | 6.1001 3B-0i | 6.008538-0i | 6.059470 | 6.03498B-01| 6.051615-01 | 6.05003E-01 | 0.050441 
0,13223 th/ft, = 1.3070E-02 cP, | gq, | 2.97169E+02| 8,73866H+02| 1.41088E+03] 1.88272E+03| 2.41189E+03| 2.60787E+03] 2.64820E+03 
3158, p= 016198 Init? Q, | 2.557448+03| 7.520498+03] 1.21420E+04] |.62027E+04] 2.07567E+-04] 2.24433E+04| 2.27904B+04 
Y | 2.98156B-01 | 9.83496E-01 | 9.54155E-01| 9.10144E-05 | 8,166205-01| 7.35933E-01| 6.40575E-01 
Ico [2 2 2 2 2 2 2 
Tp= 50.00", Pr= 100.00 psia, G, [6.07940R-01 [6.086601 | 6.04998E-p11 6.04699E-011 604908011 6.04 1658-011 6.04055E-01 
311009 Ibi, gr = 1.0670E-02¢R, | g, | 4.55415E+02] 1.35833H403| 2251841403] 3,130792403] 4.40986E-03/ 5.228 166403] 6.01238E+03 
3622, py, = 0.044210 Ibitt Q, | 1.03012E+04) 3.07245-+04 5.09350B+04] 7.08 164E+04] 9,97¢80E+04] 1,18257E+05] 1.35996E+05 
¥ — |9,99739B 01 |9.97650E-01 | 9.93472E-01| 0.8720SH-01 | 9.73888E-01] 9,62399E-01| 9.488210-01 
Ico |2 2 2 2 2 2 2 
000.00 psi G, | 6.07045E_01 [6.056805-01 | 6.04988E-01| 6.04617E-01| 60428301} 6.04132E-01| 6.04014E-O1 
H= 1543001 cP, | gy | 6.58201E+03) 1.96726B+04 | 3.27502B+04| 4.58222H+04| 6.54241 B+04] 7.84893E+04) 9.15530E+04) 
6.116198 lb/ft? Q, | S.664488404] 1.693038105 | 2818495105) 3.94346E405] 5.63040R+-05] 6.75479E+0S| 7.87905E405 
Y __ | 1,000005-00} 1.60000B+00} 1.00000H+-00} 1.00000H+00] 1.000008+00] 1.000008+00] 1.000060} 
ICD |2 2 2 2 2 2 a 
G ~— | 606348E-01 | 6.047688-01 | 6.04275E-01) 6.04010E-01| 6.03770B-01| 6.03663E-01| 6.03580E-O1 
Sn +03] 3.47937E403] 5.7817 1H+03| 8.064598+03) 114366E:04) 1.36390E+04) |.57963E+04 
G, | 1.00179n+04] 2.594352404| 4.97574E+04| 6.940381+04] 9.842341-04] 1.17377E+03| 1.35943E+05 
Y — | 9.99865E-01 | 9.98787-01 | 9.9663 IE-01 | 9.93397B-01 | 9.$6525E-01| 9.80596E01| 9.73589E-01 
ICD 12 z 12 2 2 2 2 
Tp= 50.00°R, Py= 500,00 psia, | 6.06213E-0i | 6.04690B-01 | 6.04213H-01 | 6.03955E-01| 6.037216-01] 6.03615E-01 | 6.03533E-01 
"6693 THF, H=11310E-02 cP, | gy, | 1.04995B+03] 3.14065E+034 5,225918403 | 7.30397E103| 1.04023B-04| 1,.24518E+04] |.44854E404 
3622, py = 0.044210 Ib/tt? Q, | 2.37491E+04] 7.10393B+04| 1.18206E+05} 1.6521 1E+05] 2.352941+05] 2.81651 +05] 3.27649E+05 
Y — |9,99948E-01}9,99530B-01 | 9.98694%-01 | 9.974415-01| 9.94778E-0)1| 9.92480L-01| 9.89764E-01 
ten |2 2 2 2 2 2 a | 
Ty= 150.00°F, Py= 1000.00 psia, G | 6.06103E-01 /6.04627E-01] 6.04164E-01/ 6.03913H-01] 6.03685E-01] 6.03581E-01 | 6.03500E-01 
= 2.7573 lof? ¢t = 13650E-02 eP, | gy | 1.35461E+03] 4.05312E+03| 6.747203 9.436241%403) 1.34573E-04) L61274E+0M) 1.87871 E404 
13622, jy, ~ OO4420 thle G, | 3.06403R404) 9. 167398404) 1526178405 3.04395E+05) 3.64 790405 S145 
Y | 3.999748-01 | 9,99765E-01 | 9.99347B-01 | 9.987201:-01 | 9.97389E-01| 9.96240B-01 9. 94882E-01 
Icp |2 2 2 2 2 2 
Ty= 140,00°P, Pr= 2000.00 psia, G, | 6.05006B-01 | 6.045128-01 | 6.04072E-01 | 6.03833E-01] 6.03616B-01| 6.03517E-01 SIE 
2.465 Mbit, w= 4.17108-02 oP, | g,, | 4.64587E+03| 1,39057E+04| 2.315925+04] 3.24/010+04| 4.62835E+-04| 5.55311 E04 6.47 780F-+04 
0, Oy = 0.116198 lb/ft? O, | 3,998241+041 1.19672E+05] 1.99308E+05] 2.78922E+05] 3.983 16E+05] 4.77901 +05] 5.574 797405 
¥ | 1.000008-+00] 1.009001+-00/ 1.000002+00] 1.00000B+00| 1.00000E+00| 1.00000E+00] 1.00060E+C0 
icp |2 2 2 2 2 2 2 
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CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 


iis! 4 5 
= 4.02638 i, a = 0. 
aoe 


nonoDe5: 


00000826 in/in-°F, dp, = 2.14843 in, a = 0.00000826 ir 


Cell AP Gnches H,0 at 60°F) 
Flow Conditions Value, 2.2484 20,2360 36. a 10 110.1736 224.8440 323.7754 440.6943 
Tp=0,00°R, Py= 14.696 psia, Cy |2.15100B+00] 1.496852+00) 1.288542+00| 1.17639E+00/ 1.07584E+00! 1.03086F+00) 9.95385E-01 
Dep = 58.199 tote’, w= 1 SS50EH03 cP, Gy | 424867B+04| 8.85989E+04| 1.27258E+05| 1.62656B+05| 2,12503E+05| 2.4434 1E+05| 2,.75394E+05| 
ke -1O, 9, = 56. 861 lott? Q, | 7.47203E102) 1,55993B+03} 2.23805E+03] 2,86058E403) 3.73723E+03| 4.29717E4+03) 4.84329E+03 
¥ 1,00000E+00! 1.00000E+00] 1.00000E+CO! 1.00000E+00! 1.00000E+00) 1.00000E+00) 1,00000E+00) 
ID |4 | 5 5 a 4A lt 4 
8.00°F, Pr= 14.696 psia, Cz | 1,11396E+00) 8.79898E-OL | 8.08397E-O1 | 7.70446E- OL | 7.36338B-01 | 7.20837E-91 | 7.08548E-01 
56,560 1b, 41 = 2.1220T+02 cP, G, | 2473841404) 5.15128E +04) 7.88779 E04) 1052456405) 1436046405) LGBROSELOS| 1OSSTSE ERS 
1,0, 9 = 56.861 Ibitc® , | 3,82308E+02| 9.05942E+02} 1.38721E+03) 1.85091E+03) 2.5271 10+03) 2.96869E+03) 3.40442E+03} 
¥ 1,00000E+-00] 1.090002+00} 1.000G0E+00} 1.00000E+00) 1.00000E+00) 1.00000H+00) 1.00000E+00 
icD |-4 4 4 3 -3 -3 3 
7.217IS5LE-O1| 6.42738E-0L| 6.29512E-OL | 6,24502B-01 | 6,20321E-01 | 6,18542E-01| 6.17197E-01 
y 1,38056B+-04| 3,688308+04] 6,02067E+C4] 8.36185E+04| 1.18655B+05| 1.41978B+05| 1.6528 1E+05) 
-1.0, 9, = 56, 01 bite 2.427 95B+02) 6.486528+021 | .OS8841+03} 1470585403) 2.08676B+03] 2.49693E+03] 2.90575E+03} 
1,00000E+-00} 1.090002+00) 1.09000E+00} 1.00000E+00) 1.00000E+00] 1.00000E+00) 1.00000E+00 
J =) 3 13 I3 3 3 2 
T= 60.00°F, Pps. 14.696 psia, 6.16303E-01 | 6.10171 E-OL| 6.08430E-O1 | 6.07527E-O1 | 6.06732E-01 | 6.06380E-01 | 6.06107E-01 
Pip = 62,366 It", w= 1. 1990 cP, 1,26160E+04] 3.747176+04] 6.22746E+04] 8.70550E-+04) 1.242026+05] 1.48955E+05| 1.73703E+05 
keel, 0, 9, = 62.366 lb/ft? Q, | 2022898102) 6.00835E+02) 9.58534E+02) 1. 3| 1.99150E+03 4iG+03) 2.785220+03 
| ¥ LOGO0DE+00} 1.09000B+00) 1.000G0E+C0} 1. 1,00000B+00] 1.00000E+00) 1.00000E+00 
IcD |2 2 2 2 2 2 2 
Cy 16.09037E-01| 6.06333E-01) 6.05516E-01 | 6.05081E-01 | 6.04690E-G1 | 6.045 148-01 | 6,04377E-01 
Gq | 1.21393F404] 3.62566F+04] 6.03463F +04] 8.44241RO4| 1.20528E+05| 1.445918+05] 1.686526+05 
G, $1.946470+021 5.81352R+02! 9,67615B+02) 1.353698: 1 43E+031 2.7 ire 
¥ 1,000008+-00! 1.000002+00] 1.00000E+00! 1.00000E+60) 1.00000E400 1.00000E+00) 1.0000GE+00 
icp |2 2 2 2 _|2 2 2 
Tp = D.00"H, Py = 14,696 psia, Qa 6.08953E-01| 6.05309E-01 | 6.05539E-O1 | 6.05 156E-01 | 6.04808E-U1 | 6.04784E01 | 6.04768E-01 
Php = 0.13223 Sibi, = 13070E-02 cP, | gp, |5.722791+02) £.68427E+03] 2.71990E+03] 3.62991E+03| 4.65044E+03) 5.028366+03} 5,10602E+03 
&= 1.3198, p, = 0, 116198 Ibert? Q, | 4.92503B+03| 1.44948H+04| 2,34075E+04] 3.12390E+04| 4.0021 7E-+04 | 4.32740E+04| 4,39424E +04 
WY: 9.981.66E-01| 9.83494E-01| 9.54149E-01 | 9.10133E-01 | 8.16598E-01 | 7.35901E-01 | 6.40532E-01 
IcD |2 2 i 2 2 2 
T= 50.00°R, Pr= 100.00 psia, G /6o72308-011 6.053178-01! 6,047208-01 11 6,04(358-01 | 6.0401 1R-01 | G.03916R-01 
Pup 0.31109 Ib/t’, 2 = 1.0670E-02 cP, | g,, | 8.7751LE+02] 2.61878E+-03] 4.34213E+03| 6. 03749F103| 8.50468E403| 1.00831E+04] 1,15950B+04| 
pean 3622, py = 0.044210 Init? QO, | 1.98487H+04) 5.92350E+04| 9.82159E+04] 1.36564E405| 1.92370E+05| 2.28074E+05| 2,62290E+05 
¥ 9.99739L-01 | 9.97650L-01) 9.93471E-O1 | 9.87204E-01 | 9.73885E-01 | 9.6239S5B-01 | 9.488 1SR-OL 
IcD |2 2 2 2 2 oe 2 
Tr= 0,00°F, Py= 1000.00 psia, CG, |6.07227E 01] 6.05311E 01] 6,01720E O1| 6.01401E 01] 6.04113E 01| 6.039822 01| 6,03880B-O1 
Pap = 95.072 lb/ft’, p= 1.5430B-01 cP, Qm | 1.26825E+04| 3.79278E+04] 6.3151 1E+04| 8.83650E+04| 1.26176E+05] 1.51378E+05| 1.76578E+05 
ke 4, 95 = 0.116198 wes OQ, | 1.09145E+05) 3.26407E+05| 5.434791+05| 7.60469F403| 1.08587E+06) 1.20276E+-06) 1.51963E+06 
L.00000E:-00] 1.000092+00) 1.000008+00) 1.00000E+-001 1.00000B+00] L.CO000E+00] 1.00000B+00 
2 2 2 2 2 2 2 
6,05879E-01 | 6.04531E-O1| 6.04107E-01 | 6.03877E-O1 | 6.03669EN | 6.035761 | 6.03503E-O1 
2.24388R4-03] 6, 70049E+03! 1.1 1505E¢O4) 1.555416 +04! 2. 20588h104| 9.630748 4041 3.046908104 
ke 1. 3198, Pp = 0.116198 | tote 1.93108E+04] 5.774 19E+04] 9,59612E+04) 1.33859E+05| 1.89838E+05 | 2.26402E+05| 2.622 16E+05 
9,99865E-01 | 9.98787E-01 | 9.9663 1E-Ol | 9.93397E-O! | 9.86524E-01 | 9.80594E-01 | 9.73586E-01 
Zz 2 z z 2 2 z 
Ty= 50.00°F, Py= 506,00 psia, 6.05765E-01| 6.04464E-01 | 6.04053E-01 | 6,03829E-O1 | 6,03626E-01 | 6.03534E-01 | 6.03462E-01 
p, 1,6623 lb/ft}, g= 1. 1310E-02 cP, 2.02398E+03| 6,05642E+031 1.00787E+04) 1.40873E+04| 2.00642E+04| 2.40178E+04| 2.79407E+04| 
KE 1.3622, bp = 0.044210 iA 4.57810K+04] 1.36992E+05| 2.27974E+05| 3.18645E+05 | 4.53839E+05 | 5.432666+05| 6. 32000K+05 
9,99948E-01 | 9.99530E-01 | 9,98694E-01 | 9.97441 E-O1 | 9.94777E-01 | 9.92479E-01 | 9.89763E-01 
2 2 lo 4 jo 9 9 
T= 150.00°F, Ie 1000.00 psia, 6.05671E-01 SP lciseialt sronece 6.03793E-01 | 6:03594R-O1 | 6.03505E-01 | 6.03434E-01 
Gm, | 2.61134E+03] 7.81615E+03} 1.301298+04] 1,82000E+04| 2,59568E+04 | 3.11077H+04| 3.62386E+04 
G, | 5.90668E+04) 1.76 795H+05| 2943428405) 4.1167 2E405) 5.871 268405 | 7,03634E+05 | 8.196928+05) 
Yy 9,99974E-011 9,99765E-O1| 9.99347E-01 | 9.98720E-01 | 9,97388E-01 | 9.96239B-01 | 9.94881E-01 
ICD |2 2 2 2 2 2 2 
a 140.00°F, Pre 2000.00 psia, CG; 1605504E-01] 6.043 10-01] 6.0393 1E-O1 | 6,03723E—01 | 6.03534B-01 | 6,03448E-01 | 6,03381E-01 
= 32.465 live, Hed 17108-O2 cP, Gm | 8.95650E+03) 2.68 168E+04) 4.46665E-+04) 6.2511 7E+04) 8.92745E+04] 1.071 148+05) 1.24952E+05 
ee 1.0, p, = 0.116198 Ibn? Q, |7:70796R+04l 2,30785E+05! 4.8440018405! 5.37976F+05| 7.68296F+05] 9.21824E+05 | 1.07534E+06! 
Y 1,00000E+00 1.000002+00) 1000008409) 1.000008+00] 1.00000F+-00} 1.000G0E+00/ 1.00000E+00 
ICD |2 2 2 2 2 2 2 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 95 
Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 
(Op = 7.58146 in, a = 0,00000620 infin-°F, dy = 4.25000 in, a, = 0.00000926 Ir rivin—°F} 
cal ‘AP Gachos H,O at60°F) 
Hlow Conditions Value {2.2484 20.2360 | 562110 | 110.1736 } 2248440 | 323.7754 | 440.6043 
0.00°F, Py = 14.696 psia, G_ | 1,70699E+00| 1.22893B400)| 1.07845E+00] 9.98074B-01 | 9.264808-01| 8.94613F-01 | 8. 69902E-01 
Pip = 58.199 lot, [t= LRESOE+O3 CP, | Gy, | 1.318938+05] 2.84869E405| 4166455405] 5.39829E+05| 7,19865B+05| 8.2949 1E+05] 9.41009E+05 
k=O, p, = 56. el Toh @, | 2.31957H+03) 5,00091B+03| 732743403] 9.49384E+03| 1.25897E+04) 1.45880E+404| 1 65493404 
¥ — | 1.000008+C0| 1.00000E+00] 1.00000E+00| 1.000005+00] 1.00000E:-00] 1.00000H+001 1.000008+00) 
IcD |-5 5 4 4 4 4 4 
ie 68.00°E. Py =_14.696 psio, Cj |9.535718-01| 7.981448-01 | 7.37224E-01 | 7.09365E-01 | 6.83073E-01| 6,70436E-01 | 6.59970E-01 
56,660 Ib, t= 2.4220E+02 cP, | g,, | 7.27926E+04) 1 80495E+05| 2.81389E+05| 3.79053E+05) 5.2144 1B +05] 6. 14153B+05) 7.0532 7405 
REALO, py = 56.861 Tt? @, | 1.280186+03] 3.17432E+03) 4.94872E+03] 6.66640B+03] 9.17046E+03] £.08010E+04] 1.24044E+04| 
¥ | 1,.00600E--00} 1.00000E+00) 1.00090F+00] 1.00000E+00} 1.00000E+00] 1.00000E4.00] 1.00000E400 
ICD }-4 a 13 3 3 3 3 
76,00°F, Pr= 14.696 psia, G, |6.711656-01} 6.26888E-01| 6,20488B-01 | 6.17332E-01 | 6,14663E-01 | 6.13516E-01] 6,12643E-01 
Pen = 54.214 DAC, = 1.7490B401 cP, | g, | 5,021966+04 1.40721B-+05| 2.3214184+05| 3.22344E+05 | 4,50923E405| 5.50878E+05| 6.417768+05 
KE=1.0, py = 56.861 Ib/it? Q, | 8.83199E+02| 2.47483E+03] 4.08260E+03) 5,68657E+03 | 8.08855E+03| 9.688 145+03| 1.12867E+04 
Y _ | 1.006008+00] 1.00000E+00} 1.00000E+00] 1.0C000E+00] 1.00000E+00} 1.000001+00] 1.00000B:-00 
Icp |-3 3 a 2 2 2 2 
T= 60.00°F, Pr= 14,696 psia, C, | 6.12058E-01] 6.07974E-01| 6.067808-01 | 6.06152E-01 | 6.055945-01 | 6.05345B-01 | 6.0515 1E-01 
Pip = 62,366 IbiN’, pt = 1.1999 cP, Gp |4.901 138404] 1.460545+05| 2429451405] 3.39772B+05| 4.84941E+05| 5.81690E+05 | 6.7842 1E+05 
2-10, py = 61.366 lbvit? Q, | 7.85866H+02) 2.341891+03} 3 3) 5 UTTST3EB | 9. 4.0878 1B+04 
Y | £.000008+00] £.00000E+00] 1.00000E400| 1.00000E:-00] 1.00000E4+00} 1.00090E+00) 1.00000E+-00] 
IcD |2_ 2 2 2 Des 2 2 
T= 210.00°, Pr= 14.696 psia, G__|6.072008-01| 6.95311B-01| 6.04723E-01 | 6.04414E-01 | 6.04130E-01 | 6.040018-01| 6.03901B-01 
Pep = 58.792 Ib fit, w= 2.R25OR-N cP, | Gq | 473434404] 1415008405] 2.35756H405| 3.29886E+05 | 4.71045E+05| 5.651 34E+05 | 6.59212E+05 
ke ne 2 21 2.27031 B+031 37801984031 §.28952H203] 7.5529 1E+03 | 9.06157E+04F 1.0570 1E +04 
1.000001+C0| 1.00002E+-00] 1.00000E+00| 1.00000E+00] 1.00000E-00} 1.00000E+00| 
2 2 2 2 2 2 
DOO, Py= 14,696 psia, Cy | 60714101 6.032940-01 | 6.04744E-01 | 6.04408E-01 | 6.04259E-01 | 6.04198E-01 | 6.04180E-01 
0.13223 Ib/f?, p = 1.3070E-02 cP, | g,, |2.23198E#03] 6.57758E+03| 1.06260E+04] 1.41841E+04] 1.81755E+04] 1.96547E+04] 1.99605E+04 
ee 1.3198, p, = 0.116198 lb/ft? CG, | 1.92085E+04| 5.660668+04] 9.14477E+104| 1.22068E+05| 1.56418E+05| 1.69148E+05] 1.71780E+05 
Y | 9.98167E-01| 9.83503E-O1| 9.54174E-01| 9.10181B-0l | 8.16696E-O1 | 7,36042E—D1 | 6.40724E-01 
_| tep |2 2 _ [2 2 2 2 20 
30.00°R, Pr= 1 c, |6osedar-o1l eossaan-o1l 6.oarsar—o1l 6 moz8e-o1| 6.02799R-01 | 6.0363 1F01 16.03561F-01 
Pip = 031109 Ib/t2, o= 1.0670E-02 oP, | g,, | 3425386403] 1.023182+04| 1.69696E+04] 2.35087E+04| 3.32464 E404 3.94 193E4064] 4.53354T404| 
ke 1.3622, p, = 0.044210 Tht? Q, | 7.74798B+04| 231436405] 3.83840E+05| 5.33785E+05| 7.52012E405| 8.916385+05| 1.025455+06 
Y | 9.997398-01| 9,976512-01| 9.93475E-01| 9.87211E-O1 | 9.73899E 01} 9.62415E 01) 9.488426 D1 
Iep [2 2 2 2 2 2 2 
7p=0.00°R, P;= 1000.00 psia, G; | 605942501 | 6.045805-01| 6.041512-01] 6.03918E_01 | 6.03706E-01 | 6.03610B-01 [6.03534E 01 
Bip = OS.0T2 IDA, f= 1S420E-OL CP, | gy | 4.95064E104) 1.48187E+05| 24G803ENO5| 3.4539 1B 405] 4.93242E+05} 5.91 790E+05 | 6.903425405 
2 -1.0, py = 0.116198 Ib? ©, | 4260528405] 1.275308+-06| 2,12399E+.06| 297243106] 4.244846 106 | 5.093005 +06] 5.94108E+06 
¥ | 1.000008+00] 1.00000E+00] 1.00000E+00] 1.00000E+00| 1.00000E+00] 1.00000E+00] 1.00000F+00 
ficp|2 2 2 2 2 2 2 
0.00°F, Py= 200.00 psia, Gy | 6.04988E-01 6 04013E-01) 6.037028 01] 6.03531B-O1) 6.03377E-O1 | 6.03307E-O1 | 6.092538-01 
2.0466 IEP, x= {3590R-020P, |g, | 8.76479H+03) 2.62238H104! 4.35805H:04l 6.081028+04 #404! | O286SE205 05 
1.3198, p, = 0.116198 Ibi Q), | 754292104] 2 25682E+05| 3.75131E+05] 5.23332E+05] 7.42258E+05) 8.85256E405] 1, 
¥' |9.908658-01 | 9 08788E-01| 9.96633E-01| 9.93400F-O1| 9.86531 E-01 | 9.80604E:-01 | 9.73600E-01 
ICD |2 2 z Lz D 2 2 
Tp= 50.00°R, Pr= 500.00 psiz, G; | 6.04906R-01 | 6.03964E-01| 6.03662E-01! 6.034968-01| 6.03345E-01 | 6.03276E-01 | 6.03222E-01 
Pry = 1.6623 IDE, w= 1.1310E-02eP, | gy | 7.90619E4+03| 2,36720+-04] 3.94005E+-04| 5.50764E+-04] 7.8451 0E-+04| 9.3913 1E+404) 1.09256E405 
A= 1.3622, Mp = 0.048210 int? Q, | 1.78833E+05| 5.35444+05| 8.91213E+05| 1.24579E+06| 1.77451E406| 2.12425B+06, 2.47129E+06 
¥ | 9,99948E-01| 9.99530E-01| 9.98695E-01| 9.97442E-O1| 9.94780E-01 | 9,92483E-Ot | 9.89768E-01 
Tc 12. 2 2 2 2 z 2 
Tp= 150.00°F, P¢= 1000.00 psi CG; | 6.04839E-01 | 6.03925E-01| 6.03620E~01| 6.03469E-O1| 6.0332LE-O1| 6.03254E-01 | 6.03201E-01 
Pap 22.7573 Ibid, He 1 30508-02€, @m__ | 1.02010E+04] 3.05507E+04| 5.087 18E+04] 7.11568E+04] £.014925+05) 1.21637E#05) 14 1704E+05 
= 1.3622, py = 0.04 G, | 2.30740F405) 6.91037E05) 115068406) 1.69952E+06] 2.29568E406) 2.75 134406) 3205240406 
¥ — | 9,99974E-01] 9.99765E-01| 9.99347E-0L| 9.98721B-01| 9.97290E-01 | 9.96241E-01 | 9.94884E-0L 
icp |2 2 2 2 2 2 2 
T= 140.00°F, Py= 2000.00 psia, G,__ | 6047191201 | 6.0385212-01 | 603571201 | 6.03417E-01 | 6.03276E-O1 | 6.03212B-01] 6.03161E-O1 
Pry = 32.465 IIE, p= 4.17108-02 cP, | g,, | 3.49907EH04] 1.048298+05] 1,74623H+05] 2.444 108405] 3.49075E+05] 4.18845B405 | 4.8861 [E405 
k2-1.0, py, = 0.116198 Ibs? Q, |3.01130E+05! 9.02102E+05] 1.50280E+06] 2. 10339E106] 3.00414E: 06! 3.60458E06| 4.204991-+406 
¥ | 1.00000H--00] 1.000008+-00| 1.090008+00] 1.09000E+00| 1.00000B+00/ 1.00c00E+00] 1.00000E+00 
Icp {2 2 2 2 2 2 2 
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96 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-S—Selected Round Robin Test Results Matrix—US Units 
(Oy = 14.31154 in, a = 0.00000620 infin—"F, Om = 7.62500 in, 4 = = 0.00000925 in/in-*F) 


ral AP (inches H,0 at 60°F) 

Flow Conditions Valuc | 9.2484 20.2360 | 56.2110 | 110.1736 | 224.8410 | 323.7754 | 440.6043 
00°R, Prez 1 696 psia, Cy 1.42469E+001 1.06100R+00! 9.47960R 11 | 8.87985R-0F | 8.34766R-O1 11098R-011 7,99724R OF 
8.199 Ibs? 72 = 18650E403 oP, |g, | 3.54371E+05| 7.9173 18405) 1.17806B406] 1546126406] 2.07637E+06| 2421008406 2.76052H1-06 

1.0, py = 56.561 thvio G, | 6.232238+403) 1392408404] 2.07341E+04| 2.71913E+04| 3.65166E404| 4.25775E+04| 4.85485E404 
¥” | 1.000008.100] 1.000008.00] 1.00000B:00] 1.60000F:.00| 1.00060F.00} 1,00000E00) 1.000008+00 
icp |-5 4 4 4 -4 4 -4 


68, 00°F, Pre sda. 696 psia, 


G 8.54888E-01 7.31240E-01 | 6.91137E-01 | 6.67583E-01 | 6,43391F-01 | 5.36079E-O1| 6.32963E-O1 
2 94E+05 | 8,492 1 5E+05| 1,14838E+06] 1,58109E+06] 1.87575E+06| 2.17766E+06 


1.0, py, = 56. el tts a 3 69466403) O 48001 F403] 1.40349R404] 9.01963+04] 2.78063E 404! 3.298848 404] 3.890798404) 
L.00000E+00} 1.00000E+00) 1.00000E+00) 1.000G0IE+13) 1.00000F+-00) 1.00000F+00} 1.000Q0E+00} 

IcD |-4 3 3 3 3 3 3 
T= 176.00°R, et 14.696 Bie Cy | 6.36316E-01) 6.19881E-O1 | 6.15544B-61 | 6,13373E.01| 6.11517E-01| 6,10712E-O1| 6.10096E-OL 
O1 oP, 1539791205! 4.479436 105! 7.413478 105! 1.03423F +06! 1473008206! 1.765075406! 2.057408-+06! 


Bo ae 532720405) 4.479435 105) 7.413478 105) 1.03423E106) 1473008206) 1.76527 E06) 2.057408+06) 


Q, | 2.69355E403| 7.87786E+03} 1.30379B1-04| 1,81887E+04] 2,59052E+04| 3,10453E+04] 3.61830E+04 
1.000006+00) 1.00000R+00) 1.00G00F+-00) 1000008100) 1.000008-00) 1.09000E+00) 1.00000E+00 


Pap = 32.465 Ib, w= 41710E-02eP, | g,, | 1.12564E+05] 3.373 195405] 5.61994E+05| 7.86634E+05, 1.12356E406| 1.34815E+06| 1.572745+06 
keg, See ee Q, | 9687228405 | 2.902875406) 4 8365284061 6.76078B406| 9.66037E406) 1.16022E407) 1353508407 


¥ 1,00000E+00] 1.000008+00) 1.00000E+-00} 1.00000E+00) 1.00000F+00) 1.00000B+00] 1.00000B+00) 
ICD [2 2 2 2 2 2 2 


cD |3 3 2 2 2 z 2 i 
F= 60.00°F, P= 14.696 psia, CG; _ | 6.09680B-01] 6.06737E-01| 6,05855E-01 | 6.053878-01| 6,.03967E-01 | 6.04779E-01| 6.04631E-O1 j 
2,366 IB/, Je = 1.1990 oP, Yn _ | 1-57163R408| 4.6021 8F+05| 7.80893E+-05| 1.092401+.06| 1.55950B406] 1.87081E+06| 2.18208E+06| 
1.0, py = 62.366 lb/ft Q, | 2.520018+03| 7.523628+03] 1,2521 1E+04| 1.75160B+04| 2,500552+04] 2,99973E+04| 3.49883E+04| | 
¥ | 1.00090E+00| 1.00000E+00] 1.00000L+00) 1.00000E:-00} 1.00000B+00] f.09600E+60} 1.00000E+00| 
Icp |2 2 2 2 2 lo 9 
Ty= 210.00, Pp= 14,696 psia, Cj | 6.06167B-01] 6.04754E-01 | 6,043096-01 | 6.04068H-01 | 6.03848E-01 | 6.03749E-01] 6.03670E-OL | 
8,702 1b/RS, = 2,8250E 01 oP, | gq | 1.52148E405] 4.553826+05| 7,58414E+05| 1.06126+06| 1.515670+06] 1.81850E+C6| 2.12131E+06 
“18, fy = 62.366 inv G, | 2.438598403) 730179403) 1. 21607404) 1701828404 | 2430288404) 2,91 586E +04) 3.401398 +04 
Y | 1.000004] 1.00000E+00} 1.000008+00) 1.00000B+00] 1.00000E+-00} 1.09000E+00] 1.00000E+00 
IcD j2 2 2 2 2 i|2 2 
T= 0.00°F, Py= 14.696 psia, ; | 6.06122E-01 | 6,04740E-01 | 6.04321E-01 | 6.04109E-01| 6.03948E-01| 6.03901E 01 | 6.03892E-01 
Puy = 0.13225 IbAC, 11 = 1.30708-02 cP, | g,, | 7.17310B403) 2.11550 +04] 3.412291404] 4563342404] 5.84781 2+04| 6,32374E404] 6.421998404 & 
£5 1.3198, 9, = 0.116198 lb/ft? Q, | 6.17317F+04] 1.820608+05| 2.94178E+05| 3.92721B+05| 5.032621+05] 5.44271 E4051 5.5267 78405 xe 
Y | 9,9816713-01 | 9.8350UE-01 | 9.54167E-01 | 9.101¢8E-01 | 8.16669F-01 | 7.36003F-01 | 6.40671E-O1 
icp |2 2 2 2 2 2 2 
Ty= S0.00F, Py 3 100.00 Gy | 6.0523 16-B1 | G.041 988-01 | 603870801 | 6.03691B-O1 | 6.03531E-01 | 6,034595-01 | 6.03404E-O1 
Pip = 0.31109 TAS, = 1.0670R-07 oP, | g,, | 1.10139B404) 3.291.694.04] 5,460208+04| 7.59383.04) 1,06992B+051 1.268618 +05) 1.45904E405 
E = 13622, p, = 0.044210 bie O, | 2.49128F105| 7.44557F405] 1,23506E+06| 1.7176714-05| 2.42008F+05| 2,86951E+06| 3.30024E+06| 
9,99739E-D1 | 9.9°/65 LE-01 | 9.93474-01 | 9.87209R-1 | 9.73895R-01 | 9.624098-01 | 9.488356-01 
Icp |2 2 2 2 2 2 2 
).00°F, Pr = 100000 psia, Gy |'6.05229B-01 6.04195E)1 | 6.03865E-01 | 6.03681F-011 6.035 18E 01] 6.03443K-01 | 6.03383K Ir 
Pry = 65.072 ib/t?, 1 = 1,5430B-01 oP, | q,, | 1.59182E405| 4.767371105| 7.94126E405| 1.11144E+06| 1.58734E+06] 1.00457E+06| 2,221781+06 
42-10, p, = O.116198 ts Q, | 1,36992F+06| 4.10280H+06| 683424106] 9.56508E+06| 1.36606E+07| 1.63907E+07| 1.91206E407| 
¥ | 1,000008:00! 1.cen008:00! 1 +001 100900700! 1.080005+C6| 1.000008 :00} 1.oo000%+00 
Icp [2 2 2 2 2 2 2 
T= 000%, P= 20000 psn, G _ |6.04507B-91] 6.037588-01] 6.03515E-01 | 6.03381 5-01 6.032608-01 | 6.03205E-01 | 6.031628. O1 
Pip PH = 13520802 cP, | g,, | 2.81928E+04] 8.43839E+04) 1402791105} 1.95710H+05| 2.77596E+05] 3.31083E+05 | 3.8347 7EH05 
eet 3ioR yO. 116198 Ibite Q, | 2.426278+05| 7.26203E+05] 1,20724E406} 1.68428E+06| 2.38899H+06] 2,84030E406, 3,30021E 106 | 
Y — |9,99865E-01 | 9.987886-01| 9,98632F-0) | 9.933098-01| 9,865295-01 | 9,80602E-01 | 9.73597E-01 
Icb |2 {2 2 2 2 2 2 
= 50.00°F, Py= 500.00 psia, G;, | 6.04445E-01| 6.037208-01| 6.034832 01] 6.03354E-01| 6.03234E-01| 6.03180B-01 | 6.03137E-01 
Pip = Lesoa ibe y= tizionooep, | ¢, |2.sa320rs04l 7.g1734uen4! 1 26800H1051 1.77259E+05! 2,52501E 205] 3.02275E105) 3.516545 05 
KE 1.3622, py = 0,044210 Tost? Q, | 5.75255E+05| 1.722991+06| 2.86813E+06| 4.00948E+06| 5.71140B+06| 6,83724E+05| 7.95440B+06 
9,99948F_-01 | 9.99530B-01| 9.96957-01 | 9.974498-01| 9.94779E-01| 9.07487E_01 | 9.89767B-0f 
icd [2 2 2 2 2 2 z 
hae 00°F, P= 1000.00 psia, G 6.04394E-01! | 6.03689E-01| 6.03¢59E-01| 6,03332H)1| 6.03216E-01 | 6.03163E_01 | 6.03121E-01 a 
2.7573 Ibife, 1 = 1.36503-02 eP, | 9,, | 3.28148B+04] 9. §3000B..04) 1.637198 05| 2.29015E05| 32666412105 | 3.91511F105| 4.56109E 105 
Ke 1.3622, py = 0.044210 Iba Q, |'7.422488+05| 2.22370F+06] 3,70321E+06| 5.18015E+06| 7.38893+05| §,855725+05| 1,03169E+07| 
¥ — |9,99974B-01| 9.99765E-01 | 9.99347E-01 | 9.98721E-O1| 9.97389E-0i | 9.96241E-0t | 9.94883E-01 
icp |2 2 2 2 2 2 2 
Tra 140,00°F, Py= 2000.00 psia, G; | 6.043028-01| 6.036328-01] 6.03413E-01] 6.03292E-O1! 6.03180H-01 | 6.03129E-01 | 6.03089E-OL 


= 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 97 
Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 
(Dm = 29.37888 in, a = 0.00000620 in/in—F, dy = 15.65626 in, a, = 0.00000826 in/in—°F) 
War less ease Ss ae AP (inches H,0 at 60°F) 
Flow Conditions Value {2.2484 20.2360 | 56.2110 | 110.1736 | 2248440 | 323.7754 | 440.6943 
oR, P , | 1.16623B+C0] 9.10039E-01] 8.3 1607-01 | 7.90078R-01 | 7.52977E-01 | 7.36253F-01 | 7.23090E-01 
Dip = 58.199 Ib/tt?, = L8650E403 cP, | g,, | 1.225048+06] 2.86315E406| 4.36064E+06] 5.80002E+06| 7.89565B+06) 9.26553E+-06] 1.06165E+07 
R210, p, = 56.861 Ib/f O,, | 2.15094B4.04] 5.03534E4404| 7.668941404] 1.02003E+05| 1.38876E+05] 1.620508+05] 1.867 10B+05 
¥ | 1.C0000E+00| 1.000008 +00) 1.00000E+00] 1.00000F+00] 1.009001+00] |.00000E+00] 1.00000E+00 
jicp|4 |= 4 4 3 3 3 
Pas OOFF, Pr = 14.696 prio, Cy | 7.670586. 01] 6.76588E- 01 | 641762E-01 6.326518-01 | 6.26734E-01 | 6.24236E-01| 6.2235SE-01 
56.660 a Gig | LSS TATEAOS) 2.4 8205E 105) 3.324678 05) A: SB845E NG 6 A027 63005) 7. fol gOtt 0618.02 7SGE LOG 
£10, py = 56.861 Ib/R? @. | £397708+04) 3.69859E+041 5.84701 B04] §.06961B+04] 1 14202405 1.36496E+05] 1.58765E+05 
¥ | 1,0000084-00) 1.000002+00, 1.00090E+00] 1.0C000E-+-00] 1.00000E+00) 1.00000E+00) 100000E+00 
icp |-3 3 3 3 3 3 3 
76.00°F, Py = 14.696 psia, 6.243816-01| 6.14310E-O1| 6,1 1559E-01 | 6.10158E-01 | 6.08942E-01 | 6.08410E-01| 6.07999E-01 
Pip = 54.214 WARE, 11 = 1.7490E401 oP, 63410305] .87165E406| 3, L0343E+06] 4.33765E+06| 6,18430E+06| 7.414661+-06| 8.6446 1E+06 
&=-1.0, p, = 56.861 Ib/t? 1.11518E+04] 3.29162E+04| 5.46145E+04| 7,62851E+04| 1,08762E+05| 1.30400B+05] 1.520308+05 
1.Q0000E+-00} 1.90000E+00) 1,00000E+00) 1.060008+00] 1.00000E+0} 1.00000E+00] 1.00000E+00| 
3 2 2 2 + 2 3 
3 2 lo 2 2 2 2 
Ty= 60.00°F, Pr= 14.696 psia, 6.07720E-01| 6.03713E-O1 | 6.05095E-01 | 6.04764E-01 | 6.04464E-01 [6.04328E-01 | 6.042228-01 
Pin = 62.366 Hutt, = 1.1990 oP 6,605018+05} 1.97498E+06) 3,28827E+06| 4.60106E+06] 6.56968E+06 9,19387E+06 
k=l 62 4.0390 7E+04| 3.16675E+04) 5.27254E+04) 7.37751B +04) 1053418105) i A741 8E405 
1,00000H+00} 1.00000E+00] 1.00000E+00| 1.06000E+00] 1.00000E+00] 1.00000L+00} 1.000008+00' 
2 2 2 2 2 2 2 
E 210.00°F, Pre (4,696 psia, 6.053 162-01] 6.0431 1E-01 | 6.03989E-01 | 6.03812H-01 | 6.0365 15-01 | 6.03577E-01 | 6.035 19-08 
8250-01 cP, 6.40584H+05] 1.91858E+06] 3.19593K+06| 4.47300E+06| 6,38829E+06] 7.6650 1E+06| 8.94 165E+06 
i a, 1.027142+041 3.97633R441 5 124d7F +04 TH+! £.09439F4051 1.29904F 4051 1.43374R+05 
¥ | 1,000002+00| 1.00000200| 1.000008+00 100000800 1.00000E+00 Ta 1,00000E+00) 
Icb |2 2 2 2 2 
T= O.00°F, Fp= 14.696 psia, Cy =} 6.05283E-0i) 6.04300E-01) 6.03996E-0i rT 6.03724E-Oi SSeS 6,03682E0i 
Pap 0.13203 ib, = 13070E-02 oP, | g,, | 3.02014B +04] 8.91285E+04] 440448105] 1.92313B+05| 2.46459E+05 | 2.66520E+05 | 2.7068 7E+05 
= 1.3198, p, = 0.116198 IA? Q, | 2.59913E+05| 7.67040B+05| 1.23964+06] 1.655048+06} 2. 12103E+06| 2.29367E+06| 2.32928T7+06 
Y | 9.98167E-01| 9.83499B-01| 9.54163E-O1 | 9.10160B-01 | 8.16654E-01 | 7.3598 1E-01 | 6.4064 1-01 
icp [2 2 2 2 2 2 2 
T= 50.1KF, Pes 101M psin, Gy 6.046521] | 6.93907F-O1! 6.03666F-01 | 6.03535F-01 | 6.034151 | 6.03362E-11 | 6.0332 fE-O1 
Pag = 0.31109 Ibvt, = L.0670B-02 cP, | gy |4.639268+04| 1.38717E+05| 2,30135+05] 3.20088E+05| 4.51012E+05| 5.34783F+05| 6. 1507 1405 
#2 1,3622, p, = 0,0442.10 Thrft? Q,, | 1.04937E4+06] 3.13769B+06) 5.20551E406| 7.24017E+06| 1.020168+07| 1.209648+07| 1.391251407 
Y {9.99730 011 9.97650L 01) 9.93473E O1] 9.87208E 01 | 9.73893E O1| 9.621068 01] 9.18830E 01 
icp |2 2 2 2 2 2 2 
F7=0.00°F, B= 1000.00 psia, G,  [604651B-01| 6.030088-01| 6.036628-01[ 6.035208-01 | 6.03406E—01 | 6.033408-01 | 6.03305E-01 
Pip © 65.072 1D/M*, = 1.5430E-O1 cP, | gy | 6.70504E+05] 2,00905E+06] 3.34707E+06| 4.68486E+06| 6.69130E+05] 8.0288 LE+06] 9.36625L+06 
42-16, p, = 0.416198 IbiF? Q, | 5.770368+06) 1.728998+07] 2.880498+07| 4.03179E+07| 5.75853E+07) 6.90959E+07| 8.06060E+07 
Y | 1,.00000E+00] 1.00000E+00| 1.00009E+00| 1.00000E+00| 1.000001+00| 1.00000E+00] 1.000008+00 
ICD [2 = 2 2 2 2 z 
G, [6041398 01] 6035898-01| 6.03403E 01] 6.053036 01] 6.03212E-O1 [6.097718 Oi | 6.03159H 01 
Gn £05} 3.55674H405] 5.91334B405] 8,25045E405! 1.1708 LEHOS! 1.3 
Q, 1oz2ssi06 3.06093E406] 5.08902E+06| 7.10034F-+05| 1.00717E+07 1 a0 OSE0? 
Y"  |9.9986513-01] 9.987877-01| 9.96632B-01 | 9.93399B-01 | 9.86528E-01 | 9.80600B-01 | 9.73594E01 
icp [2 2 ‘e a 2 2 es 
G__|6.04087E-01] 6.033551-01 | 6.03480E-01 | 6.03283-01 | 6.031946-01 | 6.03153E-0: | 6.03120-01 
1.6623 16/00. = 3102-020, Guy | 1.07:63E+05| 3.21075E+05| 5.34522E+05| 7.47272E+05| 1.06452L-+06| 1.274391i406| 1482645406 
k= 1.3622, Py 2 0044210 ar Q,  |2.42395E+06] 7.26250E+06] 1.2090SE407] 1.69028E+07| 2,40788E+07| 2.88259E407 | 3.35364E+07 
Y¥ — |9.99948-01] 9.99530E-01| 9.98695E-OL| 9.97442E-O1 | 9.94779E-OL| 9.9248 16-01 | 9.897661 
ten [2 2 2 2 2 2 2 
7p= 150,00°H, P= 1000.00 psia, CG, | 6.04050H-01] 6.035335-1] 6.03362i-01 | 6.032671-01 | 6.03 180E-01 | 6.03140E-01 | 6.03 10801 
2IST3 Ibi, H= L36SUEC2CP, | gy | 1.38275E+05] 4.14387E+05] 6.90161E+05] 9.65467E+05| 1.37720E+06| 1,.65063E+06| 1.92301E+06 
3622, By mOaeD IO Iie Gy | 34270SHHGG) 9373 1GBH06) LSGLIGEHO7) 2.18382H+07) 3.1151 3E407] 3.7336 1B407 | 4.3497 B07 
Y |9.99974E-O1| 9:99765E-01| 9.99347E-01| 9.98721 E-OL | 9.97389E-01 | 9.96240E-O1 | 9.94883E-01 
Icp |2 2 2 2 2 2 2 
T= 140,00°F, Pr= 2000.00 psia, C; | 6.03983E-01] 603491E-01 6.03327E-01| 6.03237E-O1 | 6.03153E-01 | 6.03115E-O1 | 6.03084E-01 
32.465 lb/Al, = 4.1TIOE-02eP, Gm | 4.74340R+405] 1421871406} 2.36915E+06] 3.3163L1+05] 4.73692E+06] 5.68394E+06| 6.63093E+05| 
10, Py = 0.116198 Ib/R? O, | 4.08217E406| 1.22366E+07| 2,03889E+07] 2.8540LE+07| 4.076601107| 4.89 £60E107| 5.70658E 107 
Y | 1,000008+00| 1.00000E+-09] 1,00000E+00] 1.00000E+00| 1.00000E+00| 1.00000E+00| 1.00000E+00 
Iep |2 2 2 2 2 2 2 
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APT NPMS#4. a.u 92 = “0732240 O50b385 5th 


og CHAPTER 14-—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 


(By = 1.93945 in, ag = 0.00000620 injin—F, dy, = 1.28126 in, oy = 0.00000925 irvin—°F) 


ta AP Gnches 1,0 at 60°F) 
Flow Conditions Yaluc | "9.2484 20.2360 | 56.2110 | 110.1736 | 224.8440 | 323.7754 ] 440.6043 

= 0.00°R, Pr= 14,696 psia, G, _[3.49997E+00l 2,32459E+00] 1.94687E+00] 17413054001 1.55850E+00| 147165400] 1 40605E+00 
He SRIOOTHG, pre 1,8650R403 cP, |g, | 2.61046R404) 5.21037H404| 728436404] 9. 19266FENE| 1.1641RB405| 1.32171B 405] 1475268405 
0, py = 56.861 bind Q,, | 4.606774402| 9.17918E+02| 1.28108E+03] 1.60438E+03| 2.04742E+-03| 2.32446+03| 2.59098E+03 
¥ | 1,00000B400) 1.00000E+00) 1.00000E4.00| 1.000005+00] 1.00000E4-00| 100000800] 1.000008--00] 

icp | 6 5 5 5 5 5 
Ty= 68,00°F, P= ae psia, Cy | 1.626228+00] 1. 184948500] 1.044631+00] 9.68361E-01 | 8,98563-01 | 8,66462E-01] 840876101 
Pip = 50.660 Ibi, Ye = 212201400 cP, | gy, | 1.20253H+04] 2.62869E104) 3.86236 EH | 5.0195 1404) 6, 64459T 104 | 7.68866E404] 8, 705228104 
bat. py, = 56881 tn Qa: PDAVARSR4N?) 4.62300R402| 6.79269R4N2| 8.81538F402) 1. 1685703] 1.39219R203] |.S3097K+03) 
1.00000F-+00] 1.00000L+00] 1.000008+00] 1.00000E+00| 1,.00000E+00] 1.00000E+00| 1.00000E+00 

Iep |-5 ~4 4 4 4 4 4 
G, | 8.68359B-01] 7.04472-01 | 6.50396R-03 | 6.49307E_01 | 6.4111 7-01 | 6.376138-01 | 6.34968E-O1 
Gn | 6.29459H403 11 3.295 198401| 4.6173084041 5.5163 04 


1.107018+02] 2.69428E102| 4.20314E102] 5.79517F4.02| 8. 17325F4.02| 9.75429R+ 02] 1133288103 
100000400} 1.00000E+00] 1.000000] 1.00000E+00] £.00000E400| 1.09000E+00] 1.00000E+00 


cD [4 3 3 3 3 3 3 
Tj= 60.00°F, Pr= 14,696 psia, Ca 6.33221E-01 | 6.21185E-O1| 6.17728E-01| 6.15914B-O1 | 6.14300L-01| 6.13578E-01 | 6.13014E-01 
Pi, = 62.366 Ib/ft?, pi = 1,19900P, Gn | 49117 7B403| 1.4¢554R-404] 2.39582R404| 3.34430P404| 4.76504E 404 5.71193E+04] 6.65710H+04| 
k=-1.0, p, = 62.366 tbvet* Q, | 7.87572B+01) 2.31783E+02| 3.84155E+02| 5.36237B+02| 7.64045E+02| 9.15776B+02| 1.06742E+03 
1.00000R-+00} 1.09000E4+00] 1.00000E+00) 1.00000%4.00} 1.00000H:+00] 1,000002+.00] 1.000008+00 

ton 13 2 2 2 2 2 2 
= 210,00°F, Pr= 14,696 psia, Cy 6.18927E-01 | 6.13466E-01 | 6.11766E-01 | 6.10844E-01 | 6.10005E-01 | §.09623E-01 | 6.09322E-01 


-8250E-01 <P, mu —-| 467525403) 1.39021E+04) 2.3 1060E+04| 3,22997E+ 04] 4.60790E+04! 5.52602E+04] 6.443848 +04 
GB, | 7.49648B401) 2.2291 28402) 3. 70490R402) 5. 17905R+02) 7 S88d8EL02) 8. 86062R407) 1.03323K+03 


Y 1,00000B+00) 1.00000E+00) 1.00000E+00) 1.000G0E+00} 1.00000E+00] 1.00000E+00} 1.00000E-+00 


IcD |2 2 2 2 2 2 2 
Ty= 0.009, Py= 14.696 psia, Gy 6.18777B_01 | 6.1344)E-O1 | 6.11845E-01 | 6.11047E_01| 6.10456E-01 | 6.103012-01 | 6.10308B-01 
Prp = 0.13223 Ibift®, j2= 1.3070E-02 cP. | ¢,, | 2.20304B402| 6.44744E+02] 103696403) 1.37682E+03] 1.74350E+03] 1.86243E+03| 1.85679E+03 & 
k= 13198, p, = 0.116198 tern? CG, 1,80593E403] 5.54866E+03 | 8,92405F+03 | 1,18489E+04] 1.50046E+04] 1.60281 E+04) 1.59795E+04| aah 
¥ 9,98006E-O1 | 9.82053E-O1 | 9.50147E-0] | 9,02289E-01 | 8.00589E-01 | 7.12849E-01| 6.09155E-01 
IcD |2 2 2 2 2 2 2 
Ty= SO.O0R, Pps 100.00 psia, | G.1S314E-O1) 6.113610 81) 61010581 | 6.094238 Gf | G.088098-O1 | 6.08535E 401 | G.08325E-O1 
Pry = 0.31109 in?, w= Lo6ron-oe cP, | g, | 3-36929F+02| 1.00202F+03] 1.65901F+03 | 2.304 10F+03 | 3.23996R+03] 3.83623R+03] 4.4051 78403 
k= 1.3622, p, = 0.044210 tive Q, | 7.62111F403] 2.26650R404] 3,7525704-04) 5.21171 F404 | 7.32856E+04 | 8.677297 404) 9,964208-+04] 
Y | 9,997 16E-01] 9.97444E-01 | 9.92901B-01 | 9.860861 | 9,71604B-01 | 9.591 1OH-01) 9.44345E-01 
_ Iep |2 2 2 2 2 2 2 
Ty= 0.00°F, Pr= 1000.00 ps y Cy | 6.15312E-01| 6.1 1354E-01 | 6, 10090B-01 | 6.093971 | 6.08762R-01 | 6.08471E-01 | 6.08242E-01 
= 65,072 livtt?, t= 1.5430F-01 cP, Q%, | 4.86947F+03) 1.45146F+04) 2.414 09K+04 | 3.37589R+04] 4.81767 +04] 5.77845 R404] 6738998404) 
0, py = 0.116198 Ibs? GQ, | 4.19066E+04) 1.249126+05| 2.07757B+05| 2.90529+03| 4. 14609F+05) 4.97293E+05] 5.79957 F405 
y 1,000008+00) 1.000008+00! 1.000008+00 L,.Q0Q008+00) 
{cD [2 2 
Gs i oie aaah G, | 6.12545E-01 | 6.09680E-01 6.08236E-0] | 6.07767E-01 
Py it mn 18. TEWO2| 2563666103 3 | 5.93266B105 | $.404968+03) 1 
kes 1. 3198, ys 0. ‘698 Tove? Q, | 7.39743K+03) 2.206286+04 3 662896+04) 5.10565K+04 | 7.23331 B +04) 8. 6201 TEH04| 9.97586K+04 | 
Y | 9.99853E-O1 | 9.98681E-01 | 9,96337E-01 | 9.92820E-01 | 9,85347E-01 | 9.78900E-01 | 9.71281E-O1 
IcD |2 2 2 2 2 2 2 
T;= 50.00°F, PS 500.00 psia, CG, | 6.12302E-O1 | 6.0952SE_-01 | 6.08623E-01 | 6.08123E-01 | 6.07663E-01| 6.07453E-01 | 6.07288E-01 
Pop YP, u= LigtEo2ep, |g, | 7.75208E+02] 2.3 14068403! 3,847938+03! 5,374778+03! 7 9,19395R403l 1,06449RL04 
ke 0.044210 ite Q, | 1.75347E+04| 5.234246 +04] 8.7028SE+04| 1.21574E1+05 173041405 2.07056E+0S} 2.40780E105 
Y 9.99943E-01 | 9.99489B-01 | 9.98580E-01 | 9.972 17-01 | 9.94321 B-01 | 9.91822E-01 | 9.88869E-01 
Ty= 150.00°F, Pr 1000.00 psia, Cy | 6.12098E-01 | 6.09401E-01 | 6.08518E-01 | 6.08030E-01 | 6.07580E-01 | 6.07374E-01 | 6.0721 1E-O1 
Pip = 2.7573 IWS, t= 1.3650R-02 cP, | g,, | 1.000098-403| 2:98636F403| 4.96785T+03] 694467403] 9.89924T74.03| 1. [8602404] 1.38 126F404 
&= 1.3622, py = 0.044210 Ib/f Q, | 2.26213B+04| 6.75502E+04 1,12369E+05] 1.57084E+05| 2.239 142+05] 2.68269E+05| 3.12433E+05 
Y | 9.999728-O1 | 9,99744E_01] 9,99290E-01) 9.98608E-01 | 9.97 1602-01 | 9.95910E-01 | 9.94434E_-O1 
icp |2 2 2 2 2 2 2 
ie 140.00°F, P= 2000.00 psia, c, | 6.197478-01 | 6,09183%-01 | 6,.083416-01| 6.078742-01 | 6.074437-01 | 6.07245R-01 | 6.07089F-01 
po 32.465 Ibi » 2#=4,1710E-02 oP, Gm | 3.42910E+03| 1.024436404) 1.70502E104| 2.3852061-04} 3.40501B+-04| 4,08468E+04] 4.7642304+04, 
21.0, 5 = 0.416198 AP G,. |LOSS 8 Iovarrnd) I ser Pane Oe OAs T E05 TontsaE As | 51 sans LOGtaT roe 
000000400 1.00000E+00) 1,00000R+00] 1.00000+00] 1.000001--00) 1.00000E4+.00] 1.00000E+00) ) 
IebD 2 2 2. 2 2 2 
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API MPNS*14.3-4 92 MM 0732290 0506386 430 Mw 


SECTION 8—CONGENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 9g 


@ Table 4-G-5-—Selected Round Robin Test Results Matrix—US Units 
= 2.90039 in, of = 0.00000620 infin-°F, ,, = 1.92189 in, a, = 0.00000025 I 


m = 2.8 in, a, = 0.00000620 infin. 1.92189 in, = 0.00000825 I 


{ eat AP Cirches H,0 at 60°F) 

Flow Conditions Value | o.24g4 20.2360 56.2110 110.1736 | 224.8490 | 323.7754 | 440.6943 

T=0,00°F, Pr= 14.696 psia, Ga 3.02096E+00) 2.031 17E+00) 1.7134812+00] 1.54120K+00) 1.38544E+00 I S1SISEHHH 1.26025E+00 
= 1, 8650H+03 oF. 


Qn 1.094484 


OZ76UE+05 | 1444798405) 


Bi933H405) 2.33638E405| 2.06 1496405 | 2.97536E405 


Q, | 8.95946E-+02| 1.80721E+03] 2.54091E+03] 3.19962E+03] 4. 10892E+03] 4.68070E+03 | 5.23269E403 
¥ | 1.000008+00] 1.00000E+-00] 1,00000B+00] 1.000006+00} 1.00000E+00) 1.00000E+00] 1.000001+00 
ICD |-6 5 “Ss 35 5 5 is 
Va B.00°R, Pr= 14,696 psia, CC, | 1.4447 000] 107495100] 9.567 13H-01] 8.91648E-01 | 8.30998E-U1 | 8.02446E-01 | 7.7931 6L-O1 
= 56,660 Ibif?, jes 212206402 cP, | g,, | 2.40714E+04| 5.37328E+04| 7970247404] 1.0399GE+05] 1,38455E 105) 1.604431 105] 1.81789B105 
i210, py = 56864 Bose Q, | 4.23338B+02| 9.44985E+02] 1.401 722403] I.82895E+03| 2.43498B+03| 2.82168E+03| 3.19707E+03 
Y 1,00000L+G0} 1.00000B+00) 1,00000E+00] 1.000002+00) 1.00000E+00) 1.00000E+00) 1.00000E+00)] 
ICD | -5 4 A 4 4 ~4 -4 
176.00°F, Pr= 14.696 psia, G, 804108101 | 6.62435E-01 | 6.46722E-01/ 6.39093E-01 | 6.32713E-01 | 6.29989E-01 | 6.27923E-01 
34.214 Iii, = L7490E401 oP, | Gy | 1.31338E404| 3.24596T+04| 5.28 161E+04] 7.30703E+04| 1.03344E+05] 1.23479B+05] 1435860405] 
O7E+03) |. 81748B+03] 2.17 iS9E+03) 2.52521E403 
1.00000B-+00] 1.00000E+00) 1.000080} 1.00000E+00] 1,.00000H+00} 1,00000E+00} 1.00000E+09} 
ICD |-4 3 3 3 3 3 3 


a 
ve 1.0, py, = 56.861 Toit? Qy | 2.30980H+02) 5.70859 E02) 9.28863K+02| J 


Ty=GUOOR, Py = 14.096 psia, ~4 Gy | 6.26553E-01) 6.16940E-01 | 6.141 10E-01| 6.12608E~{ 01 | 6.11263E-01| 6.10657E-01| 6.10183E-01 
Pip = 62.366 Ib/f3, p= 1.1990 cP, Gm | 1.09508E+04] 3.234861+04] 5366706104] 7.49501E+04] 1.06836E+05) 1.28077E+05) 1.49307E+05 


£=_1.0, 2, = 62.366 Ibitr 1,755898+02! 5,186908+02! $605 17E+02! 1.20178R+03! 1.71306E+03! 2.05363F-+03! 2.394048 +03 


= 2 
k=-1.9, 2, = 62.366 Ibi 2 TSSEGHLO2 |S: $2600H102 12.605 


1.00000E+00) 1.000001+00) 1.00000E+00] |.00000E+00} 1.000002+60) 1.G0000E+00! 1.00000E+00| 
ICD |3 2 2 2 2 2 2 


210,00°R, Pe 14.696 psia, Cy | 6,15093H-01 | 6.10567K401 | 6.09127HM | 8.U83491-0 1 | 6.07050E-01| 0.0 TS04EHIE| 6.01040E-01 
58,792 Ibift, f= 2,8250E-01 cP, ig 1.04692E+04! 3,.11764E+04] 5.18387E+-04| 7,24810E+-04} 1.03423F4-05) 1.24040E+05| | .44652E+05| 
k=-0, p, = 62.366 Ib/fi? QQ 1.67867E+02| 4.99895B+02| 8.3120 FE+02] 1.16219E+-03] 1.6583224-03] 1.98891 H+05) 2.31941 B03 
Y¥ 1,00000E+00] 1.00000E+-00] 1.00000E+-00] 1.00000E+-00] 1,090005+00] 1.09¢00E+00) 1.00000E+00} 
IcD |2 2 2 2 2 
696 pela, G1] a0) | et9s1a8 OL 11 6,0R0105-011 6078885011 6 O7R05R—01 
A 1.3070B-02 cP, | q,, | 4933401402) 1.44585B+03 26 | SE+03 3. 08889E+03 3.91116+03] 4.17702E+03] 4,16268E+03 
by = OLIG198 Io/t? Q, | 4.24569E+03] 1.24430B+04} 2.0019 1E+04) 2,65830H+04 | 3.36594E+04] 3.59475E+04) 3,58240E+04 


y’ le seoose-oi | ¢.g2c20n-o1 19.500605-0! | 9.c24038-o11 8. cozsas-o1| 719360801! 6.084918 OL 


$.S8003E-O1 | $.82022R-G1) 9,500630-01 | 9.02423E-01 | 8.002508-01 


Icb {2 2 2 2 z 2 2 
00°F, Pps 100.00 psia, G = | 6.121 L0E-O1 | 6.08787E-OL | 6.077 19E-0) | 6.07136E-01 | 6.06609E-01 | 6.06374E-01| 6.06193E-01 
31109 Ib/et*, 2 = 1.0670E-02cP, | g,, | 7.55224B+02| 2.24827E+03] 3.72346E+03| 5.17205E+03 | 7.27362K+03) 8.61257E+03| 9.89008E+03| 


Mp 
| FE 1.3622, py = 0.004210 tbr? @, | 1.7082618+04] 5,08543E+04| 8.422228+04] 1.16988B+05} 1645248405) 1.948 11E+05] 2.23707E+05 
¥ 


9,99716E-O1| 9.97440L-01 SRR Ot prone OI 9.71 556E-0 1} 9.5904 15-01 | 9.44250E-01 
ICD [2 2 2 2 2 


"= 1000.00 psia, Gr 6. 12109E-O1 6.08782E-01 | 6 607706501 eae 6.06370E-01 | 6.06320E-01] 6.06123E-01 


149E+04| 3.256708 +04] 54182484041 7.578 15E+041 LOSI62E205] 1 297A 1E 105) 1313 1SRLOS 


SOT ERS B= LSASOEOr eR, | qa | LOS 149204) 9256708 
S—L.0, py = 0.116198 Ibe? Q, | 9.39335E+04) 2.80272E+05| 4.66294E+05| 6.52175E+05] 9.30843E+05| 1.11655E+06] 1.302220+06 
¥ | 1.000008 00] 1.00000%+09] 1.00000E--00] 1.0000E+00] 1.00000H+00] 1.000001+00} 1.000001+00! 
icd [2 Z 2 Zz 2 2 2 
HOO", y= 200.00 psia, CG; __ | 6.09789E-O1 | 6.07357E-OL] 6.06558E-01 | 6.0611 7E-01 | 6.097 13E-01 | 6.055308-01| 6.05387E-01 
0466 bit}, pz = 1.3520B-02 cP, | q, | 1.92808E+03] 5.75447E+03| 9.55554E103] 1.33209F+04| 1.887386+04| 2,24933E+04| 2.603 L4E+04 
3198, Dy = 0116198 tw? Q, | 1.65931 8404] 4.952301404) 8.223581404) 1.146407+05] .624281+05| 1.9357 7E+05]| 2.240268105 
Y | 9.99853E-01] 9.98679E-O1 | 9.96331E-01 | 9.92808E-01 | 9.85322E-011| 9.78864L:-01] 9.71232E-01 
rep |2 2 |2 2 2 2 2 
T= 50.00°F, Pr= 500.00 psia, G,_ | 6.09584R-01 | 6.07226B-01 | 6.064498-O1 | 6.06019B-01 | 6.05623E-01] 6.0544 15-01 6.05298E-01 
¥ +03] 5.19440E+03) 8.63837E+03| 1.20680E+04] 1.71795E+04} 2.05573R-+04] 2.39064 +04 
a 13 Ot} 1.17494B405] 1953948405) 2,72984E+05 | 3.48588E+05) 4.64992E405) 5.407451105 
¥ | 9.99943E-01] 9.99488E-01 | 9.98578E-01 | 9.97212E-01| 9.9431 [F-01] 9,918081-01 | 9,88850B-01 
IcD }2 2 2 2 2 2 2 
Ty= 150.00, Pr= 1000.00 psia, CG | 6.09409E-t | 6.071148-01 | 6.06357E_01 | 6.05937E-01 | 6.05545 01] 6.0537 1E-01] 6.05230E-01 
SBC, 1 = 13650E-02 cP, | gq | 2.24353H+03) 6.70379E+03] 1.11539E+04] 1.55940B404| 2.22306E+04] 2,66354E+04] 3, 102 13E+04 
3622, p, = 0.044210 thie? 2 5.07471 R+(41 1.51635F405! 2.52295R+05| 3.5272764051 5.0284 16+05! 6.024746+05! 7.016806+05 
¥ | 9.999720-01| 9.99744B-01| 9.99289E-01 | 9.98606E-01 | 9.97153F-01 | 9.95903E-01 | 9.94424F-01 
Icp |2 2 2 ei 2 2 2 
T= (40.00°F, Py= 2000.00 psia, CG | 6:09113E-01] 6.06928E-01 | 6.06203E-01 | 6.05803E-01 | 6.0543 1-01 | 6.05260B-01 | 6.051245-01 
Pip = 32465 IAC, ws 44 710E-02 cP, | gy | 7.693291+03| 2.29973E+04) 3.82832E404 | 5.35609R404) 7.6468¢E404] 9.17363E+04] 1.070021+05 
£210, p, = 0.116198 Ibitt? Q, | 6.62085E+04| 1.97915B+05| 3.294652+05] 4609451405 
@ = 1.00000L+00} 1.000QDE+(H}] 1.00000E+00! 1.00000H+00 


Tc | 2 2 2 2 
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“API NPNS¥14.3. 4 a2 me O73ee50 050387 ‘377 = 


100 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 
Table 4-C-5—Selected Hound Hobin lest Hesults Matrix—US Units 
(Di = 4.02638 in, of = 0.00000620 in/in-°F, dy, = 2.66406 in, a — 0.00000925 in/in—°F) 
Sa AP (inches H,0 at 607) | 
Flow Conditions Vals | 2.2484 20.2360 36210 | 110.1736 | 224.8440 >| 323.7754 | 440.6943 
Ty=0.00°F, Pp= 14,696 psia, Cy |2.67750E+00] 1.821228+00] 1.54695E+00| 1.39839E400| 1.26419E+C0] 1.20368E+00) 1.15635E+00 
| 199 IEP, = L.BOSOEHU3 cP, | gy | 8.66973E+04| 1.76915E+05] 2.50453E+05]| 3,16963E+05] 4,09347B405| 4.67 705E405 | 5.24201E405 


1.0, 6, = 56.861 lb/ft? 


1,52472B+03 | 3.11136E+03] 4.40466E+03) 5,574340+03| 7.19909H+03] 8.22542F+03] 9,21898E+03 
1.00000E+00} 1.00000E+00} 1.00000B+00] 1,00000E+00; 1.00000B+C0) 1.000008+00! 1.000001+00 
ICD [-6 5 s i) =) <5 -4 


v 


Tr= 68.00T, Pr= 14.696 psia, 
p, 


= 96,660 Ib/te, 


= 2,1226F102 oP, | 9 


Qu 1,31525E400} 9.96415E-01 | 8.93370E-01| 8.3570SE-01| 7.80664E-01 | 7.54158L-01 | 7.32280-01 

4.20779H+04] 9,56340E+04| 142906105) 1.8715SE+05] 2.49755B405| 2.895301405) 3.27986E+05 
Q, | 7.400130+02} 1.68189E+03| 2,51326E+03} 3,29145E-+03] 4.39238E+03 | 5.09189E+03] 5.76821 E403 
¥- | 1,000008+00) 1.000008+00] 1.0000024.00) 1 0000900} 1.00000H+00) 1.00000E+09} 1.000008 +00 


icp |-5 -4 +4 -4 4 3 3 


O2cP, | on 


T= 176,00F, P, 
54.214 Ib 
0, py = 56.861 Io/tt® 


4.696 psia, Ci 
f= 17490B201 cP, | g,, 


7,55677E-01| 6,31377E-01 | 6.38819E-01] 6,32665E-01 | 6.27474E-01 | 6.25242E-01 | 6,23542E-01 
2,36993E+04| 6, L2854B+04] 1.00173E+05] 1.38891B+05] 1.96788E+05| 2.35306E+05| 2.73777 B05 
Q, |4.16793E+02{ 1,077816+03] 1.76172E+03] 2.442648-+03! 3.460865+03| 4.13826E+03| 4.81484E403 
Yy LOGQ00E+00 ebay {-00000H +00 1,00000E+00| 1.00000E+00] 1.00000E+00] 1.000008+00 
icp |-3 3 la 4 3 


T= 60.00, Py= 14.696 psia, 


62-466 Wie 
0, Dy = 62,366 Ibe 


366 Ib/ft?, f= 1.1990 cP, un 


Gy |6.22413E-01 Sten ee 6.10683E-01 | 6.0952SE-01 | 6.09003E-0! | 6.08593B-01 
2,08877E- 8547E+04| 1.02687E+05] 1434608405) 2.04554B+05 2.45255E+03| 2.85938E+05 
+02) 1646528403) 2.300290403) 3.27990B+03 | 3.932508+03 | 4.98483b+03 
1.00000E+00 1.000002+00/ 1.00000E+60} 1.00000E+00) 1.00000B+00; ee L.00000E+00) 
IcD [3 2 2 2 a 2 


Tp=210.00°R, P= 14,606 psla, CG, [6.12804B-01] 6.089157-01 | 6.07673E-01 | 6.069928-01 | 6.06369E-O1 en 6.05858L-01 
Pag = 58.792 WWM, 1 = 2,8250E-01 cP, | gy, | 2.00271 E+04) 5.970068+04| 9.929795+04) | 388618405] 1981708 +05] 2.27692H406 | 9.77204E405 
2-10, py = 62.366 loin? 3.21122F+021 9.57962E+021 1 3] 2.22656R403! 3,1 3] 3.811248403! 4.444¢70E 03 


10nee08+00 1006008+00 1.000008400 1,000008+00] 1.00000E+00 
Icp 2 2 2 12 2 


Fp= 0.06°R, P= 14,696 psia, 


3198, (0), = 0.116198 Ibva 


13223 Ib/tt3, p= 1.3070E-02 eP, | ¢, 
as 


G eT eer 9,07 740E-0i | 6.07 1525-01 | 6.06714E-Di | 6.065991-0 1 | 6.06605H-01 
9437778402) 2.76877E+03} 4.45602E+03 | 5,918) 8E+03| 7.49528E+03| 8.00602E+-03| 7,98010B+03 
° Q, | 8,12214E+03] 2.38281E+04| 3.83485E+04) 5093198404) 6.45044E+04| 6,88998B+04| 6.86767B+04 


0.31109 fivft?, we 
ee 1.3622, py = 0.044210 tere? 


= 9.98004E-O || 9.82037E~01 | 9.50104E-01 | 9.022048-01 | 8.004 £7E-O1 | 7, 12600E-0) | 6.088 17E-01 
sep |2 2 22 2 q 2 
0.00°%, P-= 100.00 psia, G, [6.10255E-01] 6.07381F-01/ 6.n6a50R_01 | 6,05041P-01] 6054808011 6 11 6,051 15B-01 


= 10670E-20P, | dy 


1,44572H403] 4.30695E+03| 7.13457E-+03 | 9.91145E+03| [.39405E+04] 1,650762+04| 1.80572E+.04 
3.2701 LH+04] 9.74203E+04) 1.61379E+05 / 2.24190E+05| 3,15324E+05] 3.73391 E105] 4.28798B+05 
| ¥ | 9,997165-01) 9,97442E-O1 | 9.92895E Of | 9.86074E-01 | 9.71580E-01 | 9.590750 | 9.442960-01 
1b {2 2 2 2 2 2 2 


6.10255E-O1| 6.07378E_OE | 6.06441 FO! | 6.05023E-01 | 6.05447E-01 | 6.05228E 01| 6.05055E 01 
1 %m — | 2.08943E+04| 6.23879E+04} 1.03819E+05] 1.45223R+05| 2.07298E+05| 2.48668E+05| 2,.90030E+05| 
1.798 16E+05] 5.3691 1E+05) 8.93469E+05) 1.24979B406] 1.7840 1E+06] 2, 14004E+06] 2496006406 
¥ 1,09000E+(O] L.0OCOOE+00| 1.00000E+00] 1.00000E+00] 1.000G0E+00] £. CO00DE+00! 1.00000E+00) 
icp [2 z 2 2 2 2 2 


G, | 6:082535-O1 6.061358 01 6.054368-01 | 605050101 | 604695E:-01 [6 045240-02| 6.01408E-01 
| bag 1.831408 1041 9.55327 104! 3.61702E 04! 431 193R.04l 4 oona5Tr od! 


Sree of 9,48983E+04/ L.57610E+05 | 2.19734B405 | 3,11358E+05/ 3.71084B+05] 4.294698+05 
9.99853E-O1| 9.98680E—-M | 9.96334F-01 | 9,928 140] | 9,8533SE-01 | 9.78882E-01 | 9.71256B-01 


T= 50,00°F, Pr= 500.00 psia, 


itp [2 2 [2 z 2 ez z 
C, | 6.08073E-01 | 6.06020E-01 | 6,05340E-0! | 6.04962E-01 | 6.046 14-01} 6.04454E-01| 6.04328E-01 


= 0.044910 Ibe 


460 
3622, 0, = 0.044210 Ib 


Pyp = 1.6623 whe, = LIZIOBO2P, | gy | 3.33072E+03} 9.95399L-403| 1.65563E+04| 2.31327H+04| 3,293 16E+04| 3940828404] 4,58296E+04! 
2 13622, Pp = 0.044210 Ibvft? Q, | 7.53386E+04| 2.25152E+05| 3.7449 1E+05| 5.232456+05| 7.4489 1E+05| 8: 91386E+05] 1.03663E+06| 
9.99943B-O1 | 9,99488E-O1 | 9.98579E-01 | 9.97215E-01 | 9,943 16F-01| 9.918 15E-O1| 9.88859E-01 

IcD |2 2 2 2 2. 2 > } 

Ty= 150.00°F, Fy= 1000.00 psia, Gq §,07919L-0t | 4.05920E—01 | 6.05256E-(1 | 6.04887E-01 | 6.04546T:-01 | 6.04390E-01 | 6.04266E-01 


7 2.7573 laf, fe= 13650E-G2eP, | gy 


1.28466L+04] 2.13779E+04) 2,98904E+04] 4.26145E+04) 5.10600E+04] 5.94694E+04| 
2.905826405 | 4.83553E+05) 6.761008405 7 9.6391 1B+05) 1.15494B+06) 1.345 16E+06 
¥ 9.99972E-01 | 9.99744E-01 | 9.99289E-0} | 9.986071-01 | 9,97 [57E-01| 9.95907E-01} 9.94429E-01 


Icb |2 2 2 2 2 2 2 


4,29728E+03 


T= 140.005, p= 3000.00 psi 


Pr 
beet 


0. 116198 bff 


+ Py = 


32.465 lb/ft? p= 4.1 7LOE-02 cP, 


ia, CG; | 6.07662E-01 | 6.05757E~01 | 6.05123E-01 | 6.04770E-01 | 6.04443E-01] 6.04292B-01 | 6.04173E-O1 
Gy 1.47367E+04| 4.40720F+04) 7,.33765R+04| 1,02667E+05| 1.46588H+05| 1.75862E+05| 2.05132E+05) 
OQ, 1,26824E+05| 3.79284E105| 6.31478E105] 8,835536+05/ 1.261540+06) 1.51347E+06! 1,76536R+406) 
Y L,00Q00E+00) 1,000005+-00) 1.00000E+00) 1.000002400] 1.000008+00) 1.06000R+00) 1.00000E+400 
icp [2 2 2 2 2 2 2 


._ 


= 
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Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 


(Om = 7.98146 in, oi = 0.00000620 in/in—F, a, = 5.28906 In, a4 = 0.00000925 in/In-"F) 


AP (inches H30 at 60°F) 


I 
H 
[se Conditions 2,2484 20.2360 s62ii0 | 110.1736 | 224.8440 | 323.7754 
T= 0.00°F, Pr= 14.6946 psia, GQ: 2. PEOS SRO! 1.47609R +00) 127366800! 1.16 20R00! §.065918+00! 102045400! 4: 16) 1 
Pry = 58.199 lbh, pe = 1,9650E403 cP, | gy | 2.695628+05| 5.655618105| 8.133728405| 1,04086E-06| 1.36052E+06| 1.56401+06| 1.76186E+405 
k=-10, py = 56,861 Ibs? Q, | 4.74071E+03| 9.94638E+03| 1.430462+041 1.83053E--04| 2.39270E404| 2,75059E+04| 3.09853E+04 
¥. | 1.00000E100] 1.00000H+-00] 1.000008. 00} 1.00000F--00} 1.00000E+00} 1.00000E+00| 1.00000E+00 
icp [-5 s a 4 -4 4 -4 
8.00°F, Py= 14,696 psia, Gr__ | 1-10290H+00] 8.646328-01| 7.82848i-01| 73385301 | 6.83450E-01 | 6,65105E-Ot | 6.59243 O1 
AP, f= 212208402 cP, | gy, | 1391771405) 3.27333E105] 4.93951E+05] 6.48252E+05] 8.62469E+05] 1.0071 8E+06) 1. 164695406 
ba-1f, ph, = 56861 hve a. 9 AATATFAM | 5756798403] 8 68600804} | 14006B204) 1516808404) 1.77131 8404) 2.04831 E404 
Y | .000008+00] 1.0n000R+-08] 1.000008--0nf 1.00000R-00| 1.00000E+00] |.00000+00] 1.00000B+00 
Ich |-4 <A -4 3 3 4 3 
Ty= 176 00°F. Py= 14.696 psi, G, | 6.65546E-01 | 6.34768E—01 | 6.267002-01 | 6.22658E-01 | 6.19186E-01 | 6.17672E_-O1 | 6.16508E. GO 
G, 8.233 4B +04! 2.35574B1051 3 87622121051 5301848 105! 7.65068E 105] 9, 16014E 105! 1.067 72E 105. 
Q, | (.44794E+03] 4, 14297E+03] 6.817 198-03] 9,48250E403} 1.34709E+04] 1.61255E-+04| 1.877775+04 
1,00000E+-00] 1.00008+00) 1.000008-+00] 1.00000F+00) 1.00000F-+00} |.00000R00) 1.000080 
H ICD j-3 3 3 3. 3 Boas 2 
| 77=60.00°F, Pr= 14.696 psia, G | 6.15735E-01| 6. 10062E-01| 6.08307E-01 | 6.0735BE-0! } 6.06496E-01/ 6.06104E-01 | 6.05796E-O1 
Pry = 62.366 ie, J= 1.1990 6P, Gu, | 8-15067E+04| 2.4226905| 4.02621E+05| 5.62700E+105| 8.02844E+05| 9.62790E4051 1.12268E+06 
k5~=1.0, p, = 62.366 Ibi! @,, | 1.3069 1E+03] 3.8846481-03| 6455778403] 9.02398E+03| 1.28731E+04| 1.54377E+041 1.80015E+04 
¥ | 1,000008+00} 1.00000B+00} 1 00000B+-00] 1.000080] 1.00000E+00] 1.00000F-00] 1.000008+00 
Icb |2 2 2 2 2 2 2 
T= 210,00°F, Pye Meee: Cy [6.089 13E-01 | 6.0603 1-01 | 6.050948-01 | 6.04577E-01| 6.04100E-01| 6.03882E-01 | 6.03709E-O1 
Pop = 8.702 Ib/ét’, BO508 OleP, in 7.84944E 1 04| 2.343718 | 05] 3.900141 05] 5.45553E105| 7.78747E+05| 9.34158E+05| 1.08954E+06 
K-10, 0 = 62.366 bit @, | 1:25861R+03] 3.75800RH03 | 6 253630403) B.74760H403) 1.24867B404) 1497868404) 1.7470 E408 
Y | L.00000E+00] 1.000008+00] 1.000008+00] 1.00000E+00| 1.00000E+00] 1.00000E+00] 1.00000E+00 
icp [2 2 2 2 2 2 2 
I 7p= 000°, Py= 14.606 psia, Gr | 6:088S2E-01 | 6.06035E-01 | 605155801] 6.04709E-01 6.04375E01 | 6.04287E-01 | 6.04292E-01 
13223 h/t, {r= 1.3070R-02eP, | g,, | 3.69924E+03] 1.08696B+04| 175010404] 2.32478E+04] 2.94444 +104] 3.14480E404] 3.13396E404 
= 0.116198 tite? OQ, | 3.183S7E+04} 9.35439B+04] 1.50613F+05| 2.00071R+05| 2.53398E+05| 2.70641E+05] 2.69709E-+05 
Y | 9.98002E-01| 9.82022E--01 250061801 9,02120E-01| 8.00244E-01| 7.12351E-01 | 6.08478E-01 
icp |2 2 2 2 2 2 
T= 50.00°R, Pr= 100.00 Gj | 8:070410-B11 6.0488 OF ey &.03780E-O1 | 6.03425F-O1| 6.03260E-G1 | 6.0314aE 1 
Prp = 0.31109 ibe, x= 1.0670E-02eR, |g, |5.67252E+03| 1.co1RGE+04| 2.8n3cor+0a| s.8055ar04| $.47995R+04| 6.48981 B404| 7.45282E404 
A= 1.3622, p, = 0.044210 Ibs? Q, | £.28308E+05] 3.82686E+05| 6.3415412+05] 8.81 1427405] 1.23053R406} 1.46788R+06] 1.68578E+06 
¥ — |9.99718E-O1 | 9.97440B-01 | 9,92889H-0/ | 9.86062H-01 | 9.71555E-OL} 9.590391 | 9.44248E-01 
ICD |2 2 2 2 | 
T= 0.00°R, Mie pe Leet to ‘}6.07044T-01 6.04166E-01| G.O3769E-01 imoaail 6.03233E-01 6,031 008-01 
Pry = 65.072 Ibi, 14 = 1.543081 eP, | g,, |8.19826E+04 2.45074B+05| 4.07974E+05| 5:70788R+05] 8.140 16F4C5| 9.77625E405] 1.14031 E405 
4=~10,p,=0. T6lOE Tht @. |7.05542E+05| 2.1091 LE+06| 3.51 102E+06] 4912208406] 7.01316EH6) Rala4qRen6) 9.8 1351 F406 
Y | .00000B+n0! 1.conenr+ 00] 1.on0nez+00! 1.0000H+00! 100000800! | ue000E+00 
Ic |2 2 2 2 2 2 
00.00 psia, G,— [#.05543F-0i | 6,02932R-01 | 6.033941] 6.03096H-02| 6.028218-01] 6.02696E-01 
1) #= 13520B-02 oP, | g,, | LA5012EO4 Et 4 54 1.00386H+05) 1.42263E+05] i 105 
3198, py = 0.116198 Ibite ©, | 1.247976+05| 3.72960E+05| 6. 19585E+05] 8639255405] £.224318-+06] 1459255406) 1.68R908+06 
¥ _ [9.998$3E-01 | 9.98679E-01| 9,96330E-01 | 9.92808E-0i| 9.85322E-Ot| 9.78864E-O1 | 9.71231E-01 
cD |2 2 2 2 2 2 (2 
Tr=50.00°R, Pr= 500.00 psia, C, | 6.05405E-01 | 6.0384 1-01 | 6.03317E-01 | 6.03026E-01| 6.02756E-01] 6.02632E-01| 6.02534E-01 
! 6623 Ibi, je = LISLOE-02 cP, | g,, | 1.30802F+04/ 3,91218R+04] 6.50871 +041 9.09533R+04! 12940784051 |.54074F405) 1802341205 
A= £3622, p, = 0.084210 Ibi ©, | 2.95865E405| 8.84908t¢05| 1.47222E+06] 2.05730E+06| 2.929 14B+06| 3,505405406| 4.07677E+06 
Y | 9,99943R-01| 9.99488E-01| 9,98578E-01 9.972 125-01) 9.94311E-Ot| 9.91808E-01 | 9.88850E-O1 
rep | a 2 {2 2 2 [2 
Ty= 150.00°F, P= 1000.00 psia, G;,__ | 6.05283R-01 | 6.03759B-01| 6.032486-01] 6.02963E-01| 6.02608B-01| 6.02577E-01| 6.02480E-01 
Pup =2.7573 Ioit?, = 1.3650E-02 oP, | q,, | 1.687698+04] 5.0492215-04| 8.4024 182404 1.17526H405] 1.67577E405| 2.007790F405) 2 33RR0R05 
A= 1.3622, py = 0.094210 Jost? Oy | 3.81744E+05] 1,14210E+06| 1.90102E+06| 2.65835E+06| 3.79047E+C4 4.54194E+06| 5.290211+06} 
¥ | 9,99972B-01 | 9.99744E-01 | 9,.992898-01 | 9.98606B-01| 9.97155E-01 | 9.95903E-01 | 9.944248 01 
Icb |2 2 2 2 2 2 [2 
Tp= 140.00°R, Py= 2000.00 psia, © | 6.05089L-01 | 6.036346-01/ 6.03145E-01] 6.02872201] 6.02618B-01| 6.02501 F-01 | 6.02408E-01 
2.465 bit, = 41710E-02 cP, | g,, | 5.78822E+04| 1.7323 LE+05| 2,88484E+05| 4.03695E+05} 5.76464E+05| 6.91623E+05| 8.067695 +05 
1.0, 9, =9. 115198 wee G, |4.98135E405! 1400838106! 2,4826051061 3.47420B1 06! 4.96 105H 106! 5.95210E106! 6.94305E+05 
¥ | 1.000006+-06] 1.00000E+-00] 1.00000E+00] £.00000E+00] 1.000002 +0 1.00000E+00} 1.00000E+00 
Icb |2 2 2 2 2 2 2 
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GHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 
(Dy = 14.31154 in, a = 0.00000620 in/in-’F, dy, = 9.47657 in, of; = 


0.00000925 in/in-°F) 


if 


{ 


Boy AP (inches HQ at 60°F) 
Flow Conditions Nalae, 2.2484 20.2360 56.2110 110.1736 224.8440 323,754 440.6943 
G 1,73701E100! 1249986100] 1.cosg6nroo! Love7srreg! 9.aalean o1! s.g90sen atl e7iz63n oF 
dy | 7-11957E+05) 1.53689E+06} 2.24378E+06) 2,89998E+06] 3.82868E+06] 4.422042+06) 4.99956E+06 
Q, | 1.25210E+04| 2.70289E+04! 3.94609E+04] 5.10013R+04] 6.73340E+04] 7.77692E4-04) 8.79259E+04| 
Yy 1,00000E+00) 1.0000018+00} 1.000008+00) 1.00000B+00) 1.00000B+00) 1.00000E+00) 1.00000E+00, 
Icp |-5 5 A A 4 A = 
Tr= 68.00°F, Py = 14.596 psia, C, | 9.63376E-01 | 7.72226E-01 | 6.99061E-01 | 6.63303E-01 | 6.50969E—01 | 6.45788E-01 | 6.41900L-01 
Pip = 56.660 left? pe= oy 1220E+02 cP, | ¢ | 3.90136E+05] 9.38188E+05| 1.41550B+06| 1.88033E+06| 2.636246+06] 3.13830B+06| 3.6393 1E+06 
RSL), py = 56.861 Ib/A? O, | 6861228403] 1.649971-04] 2.4894011-04] 2.30669L1 04] 4.636281 04] 5.519251 04] 6.40037E 104, 
¥ 1,00000F+00} 1.00000R+00] 1.600008+-00; 1.00060K1-00} 1.60000F1-00) 1.00000E1.00) 1.00000F:+00 
IcD |-4 4 3 3 3 3 3 
Ty= 176.00F, Pra 14,696 psia, Cy | 6.460 78E-OL| 6.25380E-11 | 6, 19757E-01 | G.1G885E)1 | 6. 14382E-11 | 6,13279E-01 | 6,12425E-01 
Pip AOA, = L7O0ROT P, |g, |2.56882E05 1.2301 E406) L142 7806) 2.43902R+06) 2.52157E406) 3.40375E406 
k=-1.0, p, = 56.861 Ib/f? Q, | 4.51069E+03 1.30987+04| 2. 16348404] 3.01484E+-04] 42894411404] 5,138098+-04} 5.98609E+04 
¥ 1,006002+00) 1,00000E+00] 1.00000E+00) 1.00060E+00} 1.00000E+00] 1.000002+-00} 1.00000F4.00 
ICD |3 B) ) 2 2 2 2 
10,00°F, Py= 14.596 psia, Ci | 6.118598-O1| 6.07601E-01 | 6.06255E-01 | 6.05519B-01| 6.04848E-01 | 6.04541E-01| 6.04300E-01 
166 IMA, = 1.1990 cP, Gq 12.5991 9F+4051 7.74338F-405! 1,28770F+06! 180060406! 2.569437+.06| 3,08175E+06! 3593047406 
k=-1.0, p, = 62. 366 Ibéft? Q, | 4.167646+03) 1.241 608+04) 2.06475R+-04| 2.88715B+04| 4.11992R+04) 4.94140E+04) 5.762658+04 
Ye 1,00000E+00] 1.00000E+00/ 1,00000E+00} 1.00000E+00} 1.00000E+00] [,00000E+00) 1,00000E+00 
1¢b.12) a 2. 2. a 2 2 
Ty= 210.00°F, Pr= 14,696 psia, CG, =| 6.06716E-O1 | 6.04479E-01 | 6,03742E-01 | 6.03333E-01 | 6.02955E-01} 6.02781E-01| 6.02644E-01 
Pip = 38.792 tent, = 2,8250E-01 cP, | gp | 2.50990L405] 7.502016+05) 1.24881G+06] 1,747 15E+ 06] 2.49436E+06] 2.99237E+06| 3.49030E+06, 
ke 10, Py = 62,366 lb/ft! Q, | 4024478103) 1.20290E+04) 2,00239E+04| 2,80144E+04| 3,99955E+04] 4.79808E+04] 5,59648E+04 
of 1.00000E+00) 1.00000B+00) 1.00000E+00) 1.00000E+00| 1.00000E+00) 1.00000E+00] [.00000E+00 
ICD 2 2 2 a 2 2 2 
.O0°F, Pp= 14.696 psia, Cy | 6.06676E-01 | 6.04488L-01 | 6.03797E-01 | 6.03444E-01 | 6.03180L-01 | 6.03 110E-01 | 6.03114E-01 
eens {ie?, = 13070E-02 cP, | g,, | 1,18289R+04| 3.47933H+04] 5,60381E+04 | 7,44528E+04/ 9,43 142R+04] 1.00742B+05} 1.00405E+05 
8, Dy > oO, ti 512 as! 6. 5 5 
- yr 9.98003L-O1 | 9.82030E-01 | 9.50083LE-01) 9.02162E-01 | 8.00330E-01 | 7.12475E-01 | 6.08647E-01 
2 2 2 2 2 2 2 
OOF, Py= 100.00 psia, 7. 6.03578E-G1 | 6.03016E-01 | 6.02706E-01 | 6.02423E-01 | 6,02296L-01| 6.02 1932-01 
Pip = 0.31109 Ibi}, p= 1 6700-02 eP, | g,, | 1.81508F+04) 5.41770B+04} 8.97994E+04] 1:24791E+05] 1.75569E+05) 2.07926E+05| 2.38802E +05 
ae 13622, Ph = 0.044210 Ib/fi* Q, | 4.10559B+05) 1,22545E+06| 2,03120E+06| 2.82269E+06] 3.97124E--06] 4,703 14E+06| 5.40153E+06| 
Y 9,997 16B-O1 | 9.97441B-O1| 9.928926 O01) 9.86068E-01} 9.71567E OL| 9,59057E-01 | 9.44272E-O1 
IcD (2 2 2 2 2 
G; | 6052772011 6, Ol! 6.030401 987-011 6.02406R-O1 71D-O1 | 6,021640-01 
Pip B Eag0E O1 cP, gy | 2.62327E105| 7.847846 105] 1306746106] 1.828490+06) 2.61085E|-06} 3.13232E+416| 3,65373E106, 
te. 1.0, p, = 0.116198 Ii? QO, | 2.25759E106) 6.75385E106} 1124581107] 15735912107) 2246901207} 2,.69568E+07| 3, 14440107 
P| OOK) 1.000G0L+00) 1000008400) 100000100) 10000000) 1000008100) 1.0G000H+00 
IcD [2 2 2 2 2 2 2 
Ty= 0.00°F, P= 200.00 psia, ‘| 6.04102E-01 | 6.02828F-01 | 6.02399E-01| 6.02161E-01| 5.0194iE-01| 6,01841E-01 | 6,01762E-01 
Pip = 2.0466 Ibft, w= 1. 5200: O2Z0P, | g,, | 464254104 1.38821E105| 2.30660E+05] 3.21655E+05| 4.55877E105| 5.43378E105| 6.28917B105 
ae 1,3198, py = 0.116198 Ieee Q, | 3.99537E+05) 1.19469E+06} 1.98506E+06| 2.768 16E106] 3.92328E+06] 4.67631E+06| 5412466106) 
Y 9.99853E-D1 | 9.98680E-01 | 9.96332E-01 | 9,.92811E-01 | 9.85328E-O1 | 9.78873E-01 | 9.71243E-01 
Iep |2 2 2 2 2 Rota fae 
Cy | 6.03992E-D1 | 6.02754E-01 | 6.02336E4H | 6.02103E-01 | 6.01887E-01 | 6.01787E-01 | 6.01709E-O1 
fl Cramer nal 19430 DORSSIELOS! 2 O1435Ee0S| 4 14976E 205! 4. 96636E405 | 5-77605E405 
fin | 4 1STRIESO4) 1.95321B405] 2.08593E105} 2. O76E+O5| 4.96636E405) 577605405 
pe 2 1.3622, Pp = 0.044210 Inte Q, | 9.47254E+05 | 2.83467E106 4,71 688E+06| 6,59206E+06] 9,38647E+06) 1.12336E+07| 1.30650E+07 
s 9.9904312_01 | 0.00488F: 01] 9.08578R_O1 | 9.072147_01] 9,043 13E_O1| 9.01811E-O1 | 9.888S4E OL 
itu [2 Zz Z z z 4 2 | 
Ty= 150.00°F, P;= 1000.00 psia, G, | 6.03893R-D1 | 6.02685F-01 | 6.02278-01] 6,.020495-01| 6,01838E-01 | 6.01740E-01 | 6.01663E-01 
= L3650E-02 cP, | 4g, | 5.40358E104| 1.61748E105| 2.692755105| 3.76585E105| 5,37008E+05| 6.43496E405 | 7.49535E105 
0442.10 Ibvtt? Q, | 1.22225B+06| 3.658038+06| 6.0908 1B+-06] 8.51809H+06) 1.21467H+07) 1455548407) 1.69540E+07) 
is 9,99972E-D1 | 9.99744E-01 | 9.99289E-01 | 9.98607E-01| 9.97156E-0 | 9,95905E-01 | 9.94426E4)1 
[ TeD |2 2 2 2 2 2 2 
2000.00 psia, G,  |6.037408-1 | 6.025862-01| 6.02196E-01] 6.01977E-01) 6.01774B-01 | 6.01680E-O1 | 6.01695F01 
ATLOE-O2 cP, | Gu, 2, 
Toft? a, 5i j 
Y | 1.000005+00] 1.00000E+00] 1.00000E+06] 1.00000E+00] 1.00000E+00) 1.000008+00] 1.00000E+00) 
Iep |2 2 2 2 2 2 


rey 
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SECTION 3—CONCENTAIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 103 


Table 4-C-5—-Selected Round Robin test Results Matrix—U$ Units 


(Op) = 29.37598 in, dp = 0.06000620 iin, a, = 19.46094 in, a, = 0,00000825 in/in-°F} 
| cat | AP {inches HO at 60°F) 
Flow Conditions vane 2.2484 20.2360 56.2110 110.1736 224.8440 323.7754 440.6943 
Tye O.00°E, Pra 14.696 pola, G,_[1.393246+00] 1042448400] 9.29760E-01 | 8.67347E-01 | 8.0861 1-01 | 7.80737E-01|7.57973E-01 
Pip = 58. 199 ite’, # = 1,.8650E+03 cP, Gur 2,40880E+06| 5.40693E+06| §.03745E+06| 1.04971 E407) 1. 39803E-+07) 1.6198 ]E+07) 18546807 
k2~10, p, = 56.861 Ibi? G, | 4236291404] 9.5090381404) |.41353E-405] 1.24610F405| 2.45868E+.05| 2.84872R+05| 3.22660E+05 
Y | 1.000002+00] 1.00000£+00) 1.00000E400] 1.000008+00] 1.00000E+001 1.00000B+00] 1.00000E+06} 
Icp |-5 4 4 4 4 4 = 
Gy 8.31308E-01| 6.69662E-01! 6.50267E-01 | 6.41314EO1 | 6,.33857E_01 | 6,30686E-01 | 6.28288E-01 
Pry = 28.E60 LAS, 12205402 cP, Gn 1 AQDOSE TOG Ad LEZ Et OGT Ss SSA0S FUNG) T6685 LEO bt SE+07 283E+07! 1.50257E+07 


2-10, py = 56.861 Ibi! Q, | 2.4974212+04] 6.03546E+04] 9.76776E 104] 1.34856+05] 1.90425E+05| 2.27367E+05] 2.64253E+05 
Y” | 1.000008+00] 1000008400) 1.00000B+00) 1.00000E-+00] 1,00000H+00) 1.UO000E-U0} 1.GQUQDE+0U 

Icb |-4 3 3 3 a 3 3 me 

176.00°E, Pp= 14.696 psia, G | 630862E-01| 6.178 166-01 | 6.14102E-01 | 6.121638-01 | 6.10445E-01 | 6.09679E-01 | 6.09082E-01 


54 14 Ihe, w= 1.7480E+01 cP, | ay L.05641E+06[ 3.10371E+06| 5.14176+06| 7.17573E+06| 1,02223E+07| 1.22513E+07| 1.42792R+07 


ko-EO, p= 56. 861 Ihe Q, | 1.85788E+04) 5.45842E+04| 9,04268E+04| 1,26198E+05| 1.79777E+05| 2.15461E+05} 2.51125E+05 
¥ .Q00C0E+00; 1.000008+-00] 1.00000E+00] 1.00000E+00) 1.00000E-+00) 1.00000E+00) 1.c0000E+00 
icp 13 3 ‘i x 2 2 2 

Tr= 60.K0°F, Pps 14,696 psiz, CG, | 6.08688E-01 | 6.05638E-01 | 6.04651 E-01 | 6.04107£-01 | 6.03607E-01 | 6.03378E-01 | 6.03197E-01 

Pup = 62.366 IbA, = L£990 eP, In 1,09070E1-06] 3.25573E+06] 5.41737E+06| 7.57750E+06| 1.08160E+07| 1.29743B407) 1.51322E+07 

k=~-L6, p, = 62. acolit G, | 748876404) 5.220378+-04) 6.006428 504) 1.2 1S0LE +05) 1.73428H15 | 208035405) 2426552105 
¥ 1,00000L+00! 1.00000E+00] 1.00000E+00) 1-(0000E+00] 1.00000E+00/ 1.00000E+00) 1.00000E+00 
tcp |2 2 2 2 &. 2 2 

Tp= 210,00°F, Pr= 14.696 psia, C, | 6.04985E-01 | 6.03326E-01 | 6.02772E-01 | 6.02463B-01 | 6.02177E-OI | 60204501 | 6.01940E11 

Pap = 38.792 Ibe, w= 2,8250E-01 cP, Gn | 1.05570E+06] 3.15844E+06] 5.25922E+06) 7.35914B+06| 1.0508 1E-+07| 1.26069E+07] 1.470556+07 

ka Q, py, = 62.366 iva O, | 1.69274B404) $.06436E+04l 8.43284E+04! 1.17999B+05! 1.684901405| 2.021 44E+05] 2.35793B+05 
¥ 1.000G0E+60} 1.C0000E+00) £.000008+00) | 000008400) 1.00000R+00) 1.00000IE+00) LOQG0UE+00: 
IcD |2 Zz 2 2 2 2 2 


Peres [t= 1.3070E-02eP, |g, | 4.97556E+04} 1464845105) 2.35993105 
"Dy # 0.16198 IA? G, | 4.28196L+05| 


| Pr= 14.696 psia, Cy «1 6.04963B-Gi) 6.03340L-O1) 6.02821 EU | 6.02555 | 6.023540 | 6.02302E-0i 6.02304E-01 


3135821405] 3.97262E405 4.243208+05| 4.22882E+05 
2.03095E+06| 2.69869E+06| 3.41884E406) 3.651 78E+06| 3.63932E+06| 
E| 9.S0069RHH | 9.02 135K | 8.00276H-O1 | 7.12398E-0i | 6.08542E-0i 
2 2 2 2 2 


Y | 9.98003E4L 
IcD {2 


50.00°R, P= 100.00 psia, G;,_[6.039240-01| 6.026541-01 | 6.02229E-01] 6.01993-01 | 6.01777E-01 | 6.01680E-01 | 6.01605E-01 
Pag = 0.31109 Ibe, pt = £.0670E-02.0P, | ,, |7.63926F+04] 2.281781+-05] 3.78294E+05| 5.257646405| 7.39778E405] 8.76159E+05] 1.00630E+06 
2 1.3622, py = 0.044210 Ibi? 


OQ, | 1.72795E+06) 5.16123E+06| 8.55674E+06] 1.18924E+U7] 1.67333E+07} 1.9818 1E+07 | 2.276 18E+07: 
9.997 16E-O1| 9,.97440801 | 9.92890K_01) 9, 86064E-01 | 9.71560K-O1 | 9.59046E-01 | 9.44257B-01 


IcD |2 2 2 2 es 2 2 
Tr= 0.00" 1000.01 psia, Cy 6.03929E-01 | 6.02657E-01| 6.02229E-01 6.01766E-O1 | 6.01663L-01 | 6.01581E-01 
Pap C, = 154300-01 Gm | 1.410408%+06) 33052913406 E06) 6} L.1G013E4G7! 1.3 1993R107) 1.5397 11407 
k=-LO, p, = 0.116198 Tort? Q, | 9.50167H406) 2.84453E+07] 4.73751 E+07| 6.62987E+07| 9.46773E407 | 1.13593E+08} 1.32508F+03 
¥ 1,00000H+00] 1.09000E+00] 1.000008+00) 1.00C00E+00) 1.00000E+00/ 1.00000E+00) 1.00000E+00 

IcD |2 2 = z 2 63 2 
T= 0.00°R, B= 200.00 veins Cy 6.030518-01 | 6.02087E-0t | 6.017612-01 | 6.01578E-O1| 6.01410E-O1  6.01333E4H | 6.01273E-01 
ee 4, 1, O5489B4051 5 84249R4051 9.7192RR+051 1.35548R406! 1.92126R406) 2.20011 K+061 2650708406) 


1,68238H1-06] 5.033216+-06| 8.364415+06) 1.16652£+07) 1.65344E+07| 1.97087E+07| 2.281 [9E+07 
9.99853E-01] 9.98679R-O1 | 9.963314-01 | 9.92809H—01 | 9.85324E-01 | 9,78867E-O1 | 9,71236E-01 


a 2 2 2 3 2 4 


6.112966E-01 | 6.02029E--01 | 6.01711E-01] 6.01533E-01| 6.01367E-OH | 6.0129 1E-O1 | 6.01230E-01 


Pup 16623 Ihe, a= 1 T310E-02 cP, | gq, | 1-76349E+05| 5.27989H+05| 8.78715B+05] 1.22816E+06] 1.748928406| 2.0931 6E+(6| 2.43449E+06 
KE 1.3622, py = 0.044210 Ibi? J, | 3,98R89K4UG) 1.19428H+07| 1987591407] 2.77800E+07| 3955945407] 4,73453E+07 | 5.50G65E107 
¥" | 9.99943E-01 | 9.99488E-01  9.98578E-01| 9.97213E-01| 9.94312E-01 | 9.91809E-O1 | 9.88851 F-Ot 

Icp [2 2 2 2 2 2 2 
Ty= 150,00°F, P= 1000.00 psta, G | 6.02888E-01] 6.019748-01 | 6.016638-01] 6.01488E-01| 6.01326E-01] 6.01251E-01 | 6.01191L-01 
7573 Ibi, = 1,3650E-02 P, | g,, | 2.27553E+05} 6.81475E+05] 1.134698+06] 1.58702E+06| 2.263268+406] 2.712171406| 3.15918F+05 
= O044210 tit? Q, | 5.147098 106] 1.541451: 07] 2.56658H107| 3.58972E107| 5.1 1934E 107) 6.13473E107| 7.14585E4+07 
Y_ |9,99972E-01| 9.997441-01 | 9.99289E-01 | 9.98606E-01| 9,97155E-01 | 9.95904B-01 | 9.94425E-01 

icp }2 2 2 2 2 2 1 
y= 140.008, Py= 2000.00 psia, G $6.02773E-01 | 6.01899-01 | 6.01601E-01] 6.01433K-01] 6,01277E-U1] 6.012U3E-01 | 6.01148K-01 
2.465 Ibi, j= 41710%-02 eR, |g, | 7.805335+05| 2.33822E+06] 3.8951 E406] 5.45 |63E+06) 7.78602E+06] 9.34211 +06) |.08981.5+07 
= —10, p, = 0.116198 lb/ft? Q, | 6.71726E406| 2.012288+07] 3.35213H407| 4.69 167E+407| 6.70065F +07) 8.03082F+07| 9.378R9F+07 
¥ | 1.000001+00] 1.000008+00] 1.00000E+00] 1.00000B+00| 1.00000L-00] 1.00000E+00) |.00000E+00' 

Icp ]2 2 2 2 2 2 2 


: 
| 
° 
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Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 


(Op = 1.98945 in, a = 0.60000620 in/in-°F, dy = 1.45377 in, oa = 0.00000825 In/in-°F) 


&i AP (inches H,0 at 60°F) | 
Flow Conditions Value [92484 20.2360 | 56.2010 | 110.1736 | 22484407 | 323.7754 | 440,643 | 
Ty= OUR, Pr= 14.696 psi, C, | 4.00107B+00] 2.63642B+-00] 2.19651H+00] 1.95699E+00] 1,73948E+00] 1.64096B+00] £.56365E+00 
Peg = 38.199 IbfTP. jt = 18650403 cP. | dy | 4187115404] 8.277 1OK+O4] 1.14933E+05) | 43360405) 1.20388405] 2,00072405] 2,290928105, 
KS-10, 0, + 56.861 lb/ft? Q, | 7.36376E+02| 1.45567E1-03| 2.02130B+03] 2,52124E+03| 3,20145E+03 | 3.624 14E+03| 4.02898E+03 
Y” 1.000070] 7.00000F4+-00) 1.000008+00) 1.(140006+00) 1.00000E-+(10] 1.00000B+00) 1.000006+00 
5 3 5 5 
1.0. 40-01 | 9.02520E-01 | 8.67927E-01 
‘ 04 E404) 1.119938405) 1.25650E405 
@, |3.31406E+02] 7.09622E+02] 1.02760E+C3) 1.31743E+03] 1.718670+03] 1.969591403| 2 20978E+03 
¥" | 1,00000E+00] 1.000001+-00] 1.00600E:+-C0] 1.00000E400| 1.00000E-100| 1,000008:100) 1.00000E1.00 
Ic |-5 = 4 4 4 4 4 
CG, _ | 904948E-01] 6.891148-01| 6.66239E-01 | 6.55156E-01/ 6.45902E-01 | 6.41953E-01 | 6.38957E-01 
dy | 9.1TAGIE+03] 9.09595R+041 9.37729R+04) 4. A405SF404| 6.548797 404 | 7.810097 404 9.0691 TEA 
Q, | 1.61352E+02] 3.6860984+-02| 5.93055E+02| 8.17705E+02| 1.15165E-+03| 1.37353E+03) 1.59497E+03 
¥ | 1,000002+-00] 1.000002+00] 1.000001+00] 1.00000E+00| 1,00000E+00] 1.00000E400) t.00000E+-00 
| Tep |-4 4 3 3 3 3 3 
mae 00°F, Py= 14.696 psia, CG, [636984E-01 6.22975B-01| 6.18795E-O1 | 6.16557B-01 | 6. 14534E-01 | 6.13618E-01 | 6.12898E-01 
62.366 Ib/IC, 4 = 1.1990 oP. g,, | 6909368+03| 2,027245+04} 3.35606E404] 4.68149B+04 | 6.6659 1E+04| 7.987 16E+04| 9.30743E+04 
et, Py = 62. 366 Ibi a, 1,10787E+-02| 3.250562+02| 5.38123E+02| 7,50648E+02) 106884E+03] 1.28069E+03| 1.49239K+03| 
¥ | 1,00000+-00) 1.00000H+00] 1,000008+00] 1.00000E+00] 1.00000E+00} 1.00000E+00] 1.00000E+00 | 
ep |3 3 j2 2 peas 2° 2 
p= 210.00°R, Py= 14.696 psia, Cy [6:202355-01] 6.134548-01| 6.11266E-01| 6,10059E-01 | 6.08947E-01 | 6.08437E-01 | 6.08033E-01 | 
Pap ~ 38-702 Ibe, y= 2.8250R-01 oP, | gy, | 655207803] 104442804] 3.2201 3R+04| 4.51 LRR-+04] 6.4347 7R-+404| 7.71 405F+04| 8.902757 +0 
2-10, 05 = 62.366 Boh Q, | 1.05073E:.02} 3.11775E 02) 5.17771E402] 7.23449E+02) 1.03161E+03] 1,23690B+03) 1,44209H+03 
1,00000E+00] 1.00000E+00] 1.00000E+00| 1.00000E+00] 1.00000+00] 1.00000E+-00| 1.000002100 | 
IcD {3 2 2 2 2 2 2 
Tp20.00R, Pra (4,696 psia, CG, | 6.20084E-01] 6.13460B-01] 6.11418F-01 | 6.10391E-01 | 6.096495-01 | 6.09487E-01 | 6.09568L-01 
Prp = 0.13223 Ibi, p= 1.3070H-02eP, | @,, | 3.08638E+02] 9.000471+02] 1.44198E+03| 1.90405E403] 2.37920E-+403} 2.50490E+03| 2,44098E+03 ’ 
K 21,3198, py = 0.116198 Ib/te> Q, | 2656142103] 7.74581H--03| 1.24097E+04 | 1.63862E+04| 2.04754E-+04 | 2.1557 1B-+04| 2.10070B+04 | 
¥ | 9.97824B-01] 9.80412E-01| 9.45588E-O1 | 8.933526-01 | 7.8235 1E-01 | 6.86586E-01 | 5.73409B-O1 oa 
icp [3 2 2 2 2 2 
ie 0.00°F, Pym 100,00 pst, C, {6.158108 ot! s.1076LE 01! 6.o9106H: o1] 6.08196R-01 | 6.07369E-01 11 G6.067145-O1 
0.31109 Iba, pu = 1,0670B-02 6P, | @,, | 4.71518E+02) 1.39949E+03] 2.31459E103] 3.21 133E+03| 4.50784E+03] 5, 6.11060B+03 
Re 1 3609, Py = 0.044210 Ib/it? G, | 1066545404] 3.165552+-04] 5.235451-404] 7.26381E404) 1.01964B+05] 1.20562B+05] 1.382186+05 
FY |9.99690R-01] 9.97211E-01 | 9.92251E-O1 | 9.84813E-01 | 9.69006E-01 | 9.55369E-01 9.392526-O1 
tcp |2 2 2 2 2 2 2 
7) ~ 0.009, P;— 1000.00 psia, Cy [6.15815E-01| 6.10758E-01 | 6.09091E-O1 | 6.08164E-01 | 6.07306E 01 | 6.06010E 01] 6.06597E OL 
Puy = 95.072 IDAE, 4t= 15450601 cP, | gy, |6:81439E+03] 2.027551:+04 3.37002H+04] 4.7 1ORSE+O4] 6.72029H404 | 8.059 10404) 9.39743E404 
A210, py = 0.116198 bff? Q, | 5.86447E+-04] 1.744011+05| 2,90024E+05) 4.05416E+05| 5783495405] 6.93567+05| 8,08743E405 | 
¥ | 1.000008+.00] 1.0000084-00l 1.00000#+00/ 1.00000R+00] 1.00000E00! 1.00000E+.00] 1.000008+00 
Ico |2 2 2 2 {2 2 2 
Cz | 6.12304E-01] 6,085451-01| 6.072882-01 | 6.00589E-01 | 6.05946B-01 | 6.05653E-01 | 6.05423B-01 
i z Gq | 1201428403} 3.57753E+03) 5,93506H403) 8.26754E4+03) 1.17013E +04) 1.39343E+04) 1.61123 +04) 
Re Tipe, 5 = 0.116198 Ib/h? Q,, | 1,03394E+-04] 3,07885H+04] 5.10771H+04] 7.11504E+04| 1.00701E+05] 1.19919E+05] 138662405 
Y  ]9,998401-01| 9.98561 E-01 | 9.960028-01 | 9.92164E-01 | 9.84007E-01 | 9.76970E-01 | 9.68654E-01 
ICD |2 2 ated 2 2 2z 
T= 501 HE, eam G, }6.119848-01 6.083348-01 | 6.071 10H-01 | 6.06426E-01 | 6.05793E-01 | 6.05502B-01 | 6.05273E-01 i 
gy | 1.08345R+-03] 3.22941B+03| 5.36618E+03] 7493016403) 1.06592E+04] 1.274981+04| 1.482085 +04 
G, | 2:45070B+04| 7304708404] 1.21379H405| 1.69487E405| 2.41104}+05| 2883028405 | 3.35236E+05 
Y — |9:99938H-01| 9.99442E-01| 9.98450E-O1 | 9.96963E-01 | 9,93801E-01 | 9.91074-01 | 9.87850B-01 
Ip [2 2 2 2 2 2 2 
T= 150.00°H, Py= 1000.00 ps G | 610705B-01} 6.08147B-01| 6.06952E-01 | 6.06283E-01 | 6.05663E-01 | 6.053778-01 | 6.05151B-01 
Pip = LISTS IDA, 41 = 1 ‘3650-02 oP, | gu | 139778E+03] 4.16795E+03| 6.92949E+03| 9.68339E403} 1.37974E+04] 1.65264H+04] 1.924246404 
AE 1.3622, py = wosezi0 It? Oy | 316168404) 9.42 /63H404) 1.56740E405] 2.19032E405) 3, 2087E405] 3,738 16B+05 | 4,352495+05 
9.999691-01] 9.99721E-01 | 9.99225E-01 | 9.9848 1E-01 | 9.96900H-01 | 9.95536E-01 | 9.93924H-01 
ICD |2 2 2 2 2 Penal Fs 
Ty= 140.00°F, Pr= 2000.00 psia, | 6.11251B-01] 6.078558-01] 6.0671 18-01 | 6.0607 1-01 | 6.05475E-01 | 6.05199-01 | 6.04980-01 
Pip = 3246S Ibi, p= 4.17108-02 cP, | g,, | 4:79185E+03| 1.42058E+04) 2.37815E+04] 3,32589E+04| 4.746605 +04] 5.69333%40¢| 
Ka-L Q, | 4.123868.-04! 1,230308+05| 2.046648+05] 2.86226F+05| 4,08493E+051 4,89968E-+051 5,71423B+05 
Y | 1,00000B+00} 1.00000E+00] 1.00000E+-00| 1.00000E+00] 1.000008.00| 1,000002+00 
Icb |2 2 2 2 2 2 


6.63982E+04| 


os 
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590029 in 
Wy = 20099 in, 


table 4-C-5—Selected Round Robin Test Results Matrix—US Units 


0. 000008°6 infin. 


47400 5 ABATOGDE j, = 


Gi = 6.00000620 invin-°F, dy = 2.17788 in, a = 0.00000925 in/in*F) 


Flow Conditions 


Ae (inches HO at 60°F) 


: 56.2130 110.1736 224.8440 


323.7754 440.0943 


Tr 


.00°F, P= 14.696 psia, 


LO, py = 56.861 Ibytt? 


8.199 Ibi, ye = 1,8650E403 cP, 


2.291478400] 1.921308+00] 1.71974B+00| 1.53657B+00 
L.G0634E+05] 2.24475E+05| 2.8 1295E+05| 3.59049E+05 
2.82503E+03] 3.94778E+03| 4.94706E+03] 6.3 [450E+03 
1.00000E+00} 1.00000E+00) 1.00000E+00} 1 .0Q000E+00 


5 5 


1,45350E+00] 1.38825E+00 
4.07566B+05| 4.54148E+05 
7,16776E+03] 7.98698E+03 
1,000005+00] 1.000000) 
a) 5 


56.61 Ibi? 


ae 68.00°F, Pr= 14.696 psia, 
6,660 iby, ye = 2.1220R102 oP, 


1.01822 +00| 9.34395E-O1 | 8.53219B-01 
04} 1.175508+05] [.51022E405) 1.970020405 


2,06732£+03| 2.65598E+03] 3.46463E+03 
1.00000E+00] £.00000E+00) 1.00000B+00 


4 4 


8.13806E-01 | 7.81199B-O1 
2.25883R405 | 2.52523B+05 
3.9655 1E+03) 4.44106E+03 
1,00000E4+.00) 1.00000B:+-00| 


4 -4 


4.2 14 Tbs 


Ty= 176.00°F, P= 14.696 psia, 
an =l1 “80401 cP, 


6.50958E-01 | 6.42337E-01 | 6.35054E OL 

7,.36800E+04| 1.01786E+05| 1.43760B+05 

1,29579E+03} [.79008E+03) 2.52827E+03 

LEO 1.00000E+00} 1.00000E+00 
a 3 


6.31917E-01 | 6.29522E-01 
1,71660E+05| 1.9951 [E+05 
3.0 18936+03) 3.50874F+03 
1.00000E+00) 1.00000E+-00| 
a a 


a oa 6.1 LLLSE-O1 | 6.09400F-OE 


1.47596E+05 


3 | 2.36665 F403 
1,000002+00: 
2 


1.0, py = 62.366 Lofft? 


Ty= 2i0.00°F, P= 14.696 psia, 
8.792. Mt’, y= 2.8250E-01 cP, 


6.06599E-O1 | 6.055648 01 | 
7.551 LE+04) 1000018405} 
02) 1147288403 
|.09000800 1.000008:400] 1.00000B+00) 


| 6.04609B-01 
1.42633E+05 
2287036403 | 2, 


60345P403 


2 {2 


6,0862 [E01 | 6.08007E-01 
1.76889E+05 2.06162E+05 
2.8363 1E403) 3,30569E+03 
1,00000B+-00} 1.00000E+00) 
2 2 

6.041 70B-O1 6.03822E-01 
05) 1.004268405 


1.090000 1.00000E:.00 
2 2 


D0, Py = 14.696 psia, 


13223 lb/ft, 42 = 1.3070E-02 eP, 
3198, p, = 0. 1isi98 Ibe 


Smet 6.05868E-0i | 6.0523 16-91 
3.19522E+03| 4220192403] 5.27458E403 
2,74980F+04| 3.63 189E+04 | 4.53930E+04 
9.45613E-OL | 8.93402E-01 | 7.82452ED1 


2 2 


6.0509 1B-01 | 6.05161E-01 
5.55390E+03) 5.41280E+03 
4.77969B404| 4,65825E4+04 
6.86732E-01 | 5.73607E-01 
2 2 


Lz 50.00°F, Pr= 100,00 psia, 
31109 Ib/ft?, je = 10670802 cP, 
3622, py = 0.044210 Ibe 


| GIMME OI 6.06181E-Ot 


6.047601 | 6.13976F 4M | 6.09264B-01 
5.13 128R+03| 7.12072E+03} 9.99745E+03 
1,16066E+05) 1.61066E+05] 2.26136E405: 
9,92255E O1) 9.84820E -O1 | 9.69020E-01 


2 2 


6,029442-01 | 602699R-01 
L182{0F+04] 1.35542R+04 
2.67404E+05] 3.06586E+05 
95538901 | 9.39280E-01 
2 2 


“| a O475 ROE | 6.023054E-O1 | 6.032 L4B-01 

TATLISHE+04] 1,04458E+05] 1.49043E405 

6,42967E+05| 8.98967E+05| 1,2826784+06 

EOE 0) 1,00000E+00] 1.00000E+00| 
2 


2 


6,02873E-01 | 6.026028. 01 
17875 1B+05j 2.08449E+05 
1,53833E+06] 1.79391E+06| 
1,00000E+-00 1.000008+00| 
2 2 


T= 00°F, oie 20000 pin, 


2198p, 


2 = 1.35208-02 cP, 
0.116198 test? 


a 199E-O1 | 6,02595E-O1 | 6.02040E-01 
6298404! | 


04| 1.132808+05| 1.57823E405| 2.234032405 
9. 96004101 | 9.92167E-01 | 9.84015E-Di 


2.505898 04 


2 2 


6.01787E-01| 6.01588E-01| 


3.0015 +041 3.S74898-04 


2.66055E+05) 3.07655E+05 
9.7698 1E-01 | 9.68669E-01 
2 2 


0.00°E, Pra 500.00 psia, 
6623 If, 4c = 1.1310B-02 cP, 
22, py = 0.044210 Ib? 


6.03040E-01 | 6.02451E-O1 | 6.01904E-01 
L.19016E+04| 1.6621 1E+04| 2.364778404| 
2.692058+05) 3,75958E+05| 5.34895E+105 
9.9845 1E-Ol | 9.96964E-O1 | 9.93804E-D1 


2 2 


6.01652E-01 | 6.01453E-01 
2,82876E+04/ 3.28840E+04| 
6.39845E+05| 7.438 14B+05 
9.91078E-01| 9.87856E-01 
2 2 


50,00°F, Pr= 1000.00 psia, 
7573 Witt’, Ht = 1.3650E-02 cP, 


3622, 9, = 0.044210 tn? 
3622, pf, = 0.044210 tbr 


6.02895H-01 | 6.02318E-01 | 6.01782E-01 
1,53691E+04] 2.14801E+04] 3.06101E-+04, 
3.47038E+05) 4858668405 | 6.92379B+05 


9.9922S5E-O1 | 9,98482E-01 | 9.9690 1E-01 
2 


2 


6.01535E-01| 6.013398-01 
3.66668E+04] 4.26948R+04 
8.29378E4-05) 9.65726B+05 
9,95538E-01 | 9.939260 1 
2 2 


1.0, Py = 0.116198 Ibifet 


40,00°F, P= 2000.00 psia, 
2.465 Lbsit?, B= 4,1710E-02 cP, 


6.02688E-O1 | 6.021351-01 | 6.01620E-01 
5.27484E+04 | 7,37800E+04} 1.053 10E+05 
4,53953E+05| 6.34950E+05i 9.06295E+05 
L,00009E+00) 1.00000E+00} 1.000008+00) 


2 2 


6.01382E-01) 6,.01192B-01 
1.26322E+05| 1473296405) 
1,08712F-+061 1.2679 1F+06) 
1.00)00E+00) 1.00000L+06) 
2 2 
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106 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 


(Gy = 4.02638 in, a9 = 6.00000620 in/in-°F, d,, = 3.02843 in, a = 0.00000926 in/in—°F) 


AP (inches 1,0 at 60°F) 


Flow Conditions Value [9.2484 00.2360 se2iio0 | 110.1736 | 2248440 | 323.7754 | 440.6943 

T= 0.00°F, Pra 14,696 psia, CG, | 3.06062B+-00| 2.05862E1-00) 1.73497E+00] 1.55891E+09| 1.39866E+00] 1.3258 1B+00] 1,26848E+00 

Pap = 58.199 lof, a = 1 ‘B6S00+03 <P, | g,, | 13894515405] 2.80291 405] 3.93820E405] 4.95401E405) 6.54963E405] 7.22273+05] 8,06210E+05 

£2-16, py = 56.861 Ib/f? OQ, | 2.443591103} 4,92941E+03] 6.92602E+(3) 8.71249E+03| 1.11669E+04) 1.27024E+04] 1.41786E404 
¥ | 1,000008100! 1.00000E+00! 1.00000E+.C0) 1.000008+00) 1.00000E+00) 1.000008+00! 1.00000R400 
Icb |-6 3 <s = 

Tr=68.00°R, Py = 14. .696 p ik, Lon 1.45976F+00 1.O7087E+00) Hi] 


4 6548276104) 1 05 
0. 1.15163E+03] 2.53451 E+03} 3.699776+(3| 4.74960E+03! 6.17347E+03| 7.04345E+03| 7.86048E+03) 
¥ LOO000E+00} 1.00000E+-00) 1.00000E+00] 1.0G000£-100) 1.00000E+100| 1.00000E +00) 1.00000E+00} 
IcD [5 4 aA [4 ~4 3 

Q qsebson, 0 6.41001 K-01 | 6.338770-01 | 6.27798E-01 | 6.25158E-01| 6.23134E-01 
134R+04! 8. B04! | 40960R+05 150R405! 2.76113F+05} 3.29949R+05] S.83626R405 
Q, Snigieo 1.52073E+03| 2.47002B+03] 3.43206E+03) 4.85592E 403} 5.8026 18403) 6.74779E+03} 
¥ 1,00000E+-00} 1.00000E+00] 1.00000E+00] 1.00000E+00) 1.00000E+00} 1.00000B-+00) 1.00000B+00) 


ICD [-4 3 3 3 3 2 3 


Tr= 60.00°P, Py= 14.696 psia, fon 6.21807B-01 | 6.11965E-01 | 6.08910B_-Of | 6,07251E--01 | 6.0S738E-01 | 6.05048E—01 | 6.04504E-01 

Pay = 62.366 lot, = 1.1990 cP, Gn | 2.92392EH04 | 8.63889E+04] 1.43263E+05| 2.00021 405  2.85033E405| 3,416508+05| 3.98233E+05 

KEL, py = 62.366 ay Q, | 4.69153E+02] 1.38519E+03] 2.29713E+03] 3.20722E+03) 4.570326+031 5.478140403) 6,38542E+03} 
¥” | 1,000008+-00] 1.000000] 1.000008+.C0) 1.000008+00| 1.00000F-+.00] 1.00000H+400| 1.00000E+00} 
icp |3 2 2 2 2 2 2 

Tp 210.00°F, Py= 14.696 psia, Gq 6.09944B-01 | 6.04898E-01 | 6.03239E-O1 | 6.02313E-01 | 6.01467E-01 | 6.01075E-01 | 6.00764E-01 


38.792 Int, Lar 2,8250E-O1 oP, Gm | 2.79557B+04 | 8,317428+04] 1.38243R+05] 1.03245E+05) 2.75674E405 | 3.30594E405) 3854938405 


16 oO. | aagosar, 1 aa3e5h. 31 6651403! 3.098572403) 4420278403 | 5.30086E+03! 6.181 14103 
i Dy = 62.366 Ibitt @, | 44825312402) 1333650403) 2.2L665H+03) 3.09857E+03) 4420278493 | 5.30086 103 | 6.181 L405! 


Y 1.00000E100) 1.00000E+-00/ 1.00000B8+00) 1.00000E+00) 1.000008+00) 1.00000E+00) 1,00000B+00 


Icb 2 2 2 2 2 2 2 
Tr=0.00°F, Py= 14.696 psin, G, | 6.09868F_01 f 6.04939R-01 | 6.03392B-01 6.02609E-01 | 6.02043E-01 | 6.01919B-01 | 6.01983E-01 
Buy = 0.13223 OME, 41 = 1.3070E-02eP, | gq | 1,316838403] 3.85008H+03] 6.17261 E403} 8.15273E403) 1.01870E404) 1.07222E404] [.04426E+04| 
£2 1.3193, 0, = 0.116198 bit? @, | 1133268404] 3.31338+04] 5.31214B+C4] 7.01624E+04! 8.7669 1404 | 9.227525+04] 8.9859 +04 
Y"  |9.97819H-01| 9.80375E-01  9.45485E-O1 | 8.93150E-01 | 7.81940E-01 | 6.85993E-0! | 5.72601E-01 ar 
IcD [2 4 2 2 2 2 2 
cy STS engni Fei eORONLON | 5.5000sEO | Sb9TTSELOL 


8.005, Fy — 100.00 pala. Gj | SCSI OL | 6 O2eReTN OL en ei aoot a nosi 7E on ean2ROR OF Ls 


0670E-02 oP, | gy | 2.01520E+03) 5.99274E+03] 9.91725B+03] 1.37639E+04) 1,932598-+04 | 2.28532E+04) 2.6201 8E+04 


Pap = 0.31109 Ib/O, p= 

HE 1.3622, py = 0.044210 to/fe? O, | 4,55825E+04) 1.39552140S) 2.24321B405| 3.11329E405| 4.37139F-405 | 5.16924B405) 5,926678+05 
¥ — | 9,996891:-01 | 9.97205E-01 | 9,92237B-0l | 9.84784E-01 | 9.68947B-01 | 9.552841-01 | 9.39137E-01 

ae Ic |2 2 a 2 2 2 2 
fans P;= 1000.00 psia, | 6.06708R-01/ 6.028897--0t | 6.01613T-G1 | 6.00901 T-Ot | 6.002407--01 | 5.99935T-01 | 5.99693E-01} 
65.072 Ib/t?, ge = 1.5430E~01 oP, | g,, | 2.91241B+04| 8.68232E104| 1443098405] 2.0191 91405) 2.88139E-405| 3.45591F405| 4.030278+05 
ge 0, Py = 0. 116198 Toit Q, | 2,50642E+05| 7.472008+051 1.24270B+06) 1,73772E+06) 2.47972E-406| 2.97416E-+06| 3.46845E+06| 
¥ | 1.g0000R+00/ 1,.00000R:-0al 1.000000! 1.00000R00) 1.00000E00} 1,00000E..00! 1.00000B+00 

icp [2 2 2 2 {2 2 2 
=00F, _ Py= 200.00 ps €, | 6.04065E-01| 6.01 1948-01 | 6.00227E-0i1 | 5.99687E-01 | 5.99189E-01 | 5.98963B-01 | 5.98785E-01 
Pap 66 bie, E02 oP, |g, | 5. 14169803) 1,533228104) 2.54471 E404) 3.54565E404 | 5.01932E404 | 5.9777 78404) 6912538404) 
REL: 3198, by =0. 16198 ton! 0, | 4.42494H+04| 1319493405] 2.18998E+05] 3.05139E+05) 4.31963E+05| 5.14447E+05| 5948936405 
Y — [9,99840B-01| 9,985585-01| 9.959945-01 | 9.92149E-01 | 9.83977E-01 | 9.76927E-D1 | 9.68595E-01 

| cp [2 2 2z 2 [2 iD 2 
tae 00°F, P;= 500.00 psia, CG, |6.038138-01| 6.010238-01| 6.00080E-01 5.99553B-01 | 5.99053E-01 | $.98838E-01 | 5.98659H-01 
= 16623 KA, w= 1.1310R-02eP, |g, | 4.63735F4031 1,384 1nd! 2.30093F4C4| 4.21966R-+04| 4,57262R404| 5.46099R-404| 6.35897E+04| 
0.044210 1ben? 6, | 1.04894H+05] 3.130752+05| 5.20454E+05| 7.26008E405| 1.03429E+06| 1.23728E+06| 1.43836B+06 
Y | 9,99938E-01| 9.994412-0f | 9,98447E-01 | 9.96957E-O1 | 9.93789E-01 | 9.91057E-01 | 9.87827E-01 

ep 2 
50.00°F, Pr= 1000.00 psia, ©, | 6035831-01] 6.00862-01 | 5.99941E-01 | 5.99425E-01 | 5.98044E-01 | 5.98723E-01] 5.98548E-01 
Pap ® 27573 IAC, = 1.3650B-02 cP, | g,, | 5.98318H+03] 1.786433+04] 2.97135E+04| 4.153208404| 5.91899E-+04) 7.090431+04| 8.25632E+04 
421,362, py = 0.044210 Ib/it? Q, | 135335E+05] 4.040795+05| 6.72098E+05] 9.39426E+05] 1.338B3E+06) 1.6038 1+06] 1.86752E+06| 
Y 1 9,999698-01] 9.997208-01 | 9.99223E-01 | 9.98478E-01 | 9.96894E-01 | 9.95527E-01 | 9.93912E-01 

IcD |2 2 z 2 2 2 z 
F7= 140.00°F, Fp= 2000.00 psia, G, | 6032402-01] 6.00639B-01] 5.99757E-01| 5.992628-01 | 5.98800B-01 | 5.98587E-01| 5.9841 7E-01 
Pry = 32.465 Ini? = 4.1710E-02 cP, | g,, | 2.05150B+04] 6.12803H+04] 1.01984H405} 1.42659H+05| 2.03642E+05| 2.44283E+05| 2.849 16E+05| 
k 416198 w/e Q, | 1,76552E+05! 5.27378E+05] 8.7767 1E405] 1.22773E406] 1,75254E406) 2, 10230E +06! 2.45 199K 406! 
Y _ | 1.00000E+00] 1.00000E+00] 1.09000K+00] 1.000008+00] 1.00000E+00] 1.000002+00] 1.00000B+00] 

cD |2 2 2 2 2 2 2 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 107 
psteble 4-C-5—Selected Round Robin Test Results Matrix—US Units 
(On = 7.98146 in, a = 0.00060620 infin—F, dy = 5.98437 in, o4 = 0.00000925 infin—F) 
Gait AP (inches H,O at 60°F) 
Flow Conditions Nalue [92484 20,2360 96.2110 110.1736 | 224.8440 | 323.7754 | 440.6943 
T= O.00°R, Pr= 14.696 psia, G, | 2,39587E+00] 1.64930B+00] 1.408242+00] 1.27622E+00] 1.15506H+00] 1099426400} 1.05522E+00 
Prp = 58.199 IDM, j= L8650E403 cP, | q,, | 4.25531E+05] 8.78810B+05| 1.25060E+06| 1.58671E+06| 2.05153E+06| 2343248406] 2.62389E+05 
k= -L.0, p, = 56.861 lb/ft! Q, | 7.483716+03] 1,545546+04] 2, 19940E+04] 2.79050E+04] 3.60798E+04) 4.121002+04] 4.61457E+04 
Y | 1,000008+00! 1.000006+00/ 1.00000E+00) 1.00000E+00) 1.00000E+00) 1.00000R.00) 1.00000T4.00 
tcp | s 5 a ~4 +4 
Ty 68.00°R, P= 14,696 psia, G, | 1.20140E+00] 8.98192E-01| 7.84948E-01] 7.13884E-01| 6.78543E-01 | 6.69599B-O1 
56.660 tbe, f= 212200402 cP, | gy | 2108478405) 472905Es 05 | 6 88R01B+ 05) 8.77618H405) 1.19086R+06) 1.4 1019H+06) 1 
1.0, p, = 56.861 lb/ft Q, | 3.7081 1E+403] 8.31686E+03) 1.21138B+04] 1.54239E+04] 2.09433E+04) 2.480078 +04 | 2.86446E+04 
Y | 1.00000E+50) 1.00000E+00] 1,00000E+00] 1.000008+00] 1.00C00E+00| 1.00000E+00) 1.00000E+00 
IcD |-5 4 -4 =3 3 3 3 
Ty= 176.00°F, P= 14.696 psia, C; | 6.70077E-01 | 6.34574E-01 | 6.25047E-01 | 6.202040 1 | 6.15992E-01 6.14137E-01 | 6.12702E-O1 
4.214 Io, = 1.74908401 oP, | qu | 1.15298E+05| 3.27570E+05| 5.37753Ex05| 7.47021E+05] [.9S99324N6} 12680840) 147597206 
0. p; = 56.861 Ib/ft* Q, | 2.0277 1B+03] 5.76089E+03| 9.45732E+03| 1.31377E+04| 1864068404] 2230148404] 1.59575E+04 
Y | 1,00000B+00] 1.00000E+00] 1.00000E+00] 1.00000E+00) £.00000E+00) 1.00000E+00) 1.00000E+00 
Top Ia 3 3 3 3 3 3 
Ty= 60.00°F, Pr = 14.696 psia, G, | 6.11774F-01] 6.04594E-01] 6.02306E-01 | 6.01052B-01 | 5.99900H-01 | 5.99373E-01 | 5.98957E-O1 
32,366 Ibift, pr = 1.1990 oP, Gy | L12624E+05| 3.3391 TE+05| 5.5441 1E+05| 7.74559E+05] 1104398406] 1.3241 LE+06] 1.54372E+05 
6, py = 623 Q, | 1.80586E+03) 5.35405E+03 46+03} {.24196B+04] +04) 2.1231 20404) 2475208404 
Y __ | 1.00000E+00] 1.00000B+00 1 aennes 00 1.00000E+00] 1.00000E+00] |.00000E+00) 1.00000E+00 
IcD |3 2 as 5 2 2 2 
Ty=210.00°R, P)= 14.696 psia, G, | 6.03062E-01 SRDE-O eae at 5.97253E-01| 5.96595E-01] 5.96291 E-01 | 5.96051E-01 
Pip = 58.792 Ibi, st ,B250E-O1 oP. 1.0813 7B405 5 7.49677 F405) 1.06979R+06] 1.28309R4N6| 1.40634R405 
& 0, a, = B23 ve 9 #1 Al 1.71534R104I 2.05736E+04| 2 2 
1.00000E+00] 1.000008+00) 100000800 
2 2 2 
GOOF, Fs 14.0656 psia, Cy | 6.03036H-01 | 5.99299H-01 | 5.9811 LE-01 | 5.97508E-01 3.97070E-O1| 5.96975E401 | 5.97023E-01 
.13223 lb/ft’, ge = 1.30708-02 cP, | qq | 5.09416E+03) 1492270404} 2.3939 7E+04| 3.163 0B +04} 3.95396E-+0d] 4.16284E+04: 4.05568E+04] 
3198, Ay = 0.116198 lb/ft Q, | 4.38404B+04] 1.28425E+05]2.06025E+05| 2.72216E+05} 3.40278H+05| 3.58254E+05; 3.49032E+05 
Y | 9.97822B-01| 9.80399E-01 | 9.49554E-01 | 8.93286E-01| 7.82217E-O1| 6.86392E-01 ! 5.73145E-O1 
icp |2 2 2 2 2 2 
LO0°F, Pes 100.00 psia, G, {6.0 11 5.07719R-O11 5, AR 96199R-01 11 5,.95477E-01 | 5,95306E-01 
Pry = 0.51109 Ibi, 42 = 1.08708-02 oP, | gy | 7.805326+03| 2.324456+04] 3.848508+04| 5.34263R+04] 7.50353E-+04] 8.874 13B404| 1.01755E+05| 
2 1.3622, py = 0.00400 ib Q,, | 1.76531B+05| 5.25775E+05| 8.70505E+05] £.20847E+06] 1.69725E+06| 2.00727E+06| 2.30162E+06 
¥ | 9.99690-01 | 9.97209E-01 | 9.922476-01 | 9.848040-01] 9.68987E-01| 9.55341 E-01 | 9.392 140-01 
icp |2 2 2 2 2 2 2 
Tr=O.00°F, Pr= 1000.00 psia, Gr | 6.00648E-01 | 5.977248-01 | 5.967390-01] 5.96188B-01| 5.95675E-01 | 5.95438E-01 | $.95250E O1 
5.072 Iie, f= 165430E-O1 cP, | gq. | 1128050405] 3.3677 LE+-05} 5.60359B+05| 7.837 78E+05! 1.11872E+06) 1.34193E+06) 1.56509E+06 
0, Py = 0.116198 lb/ft? Q, | 9.70799E+05] 2.89825E+06| 4.82245E+06| 6.74520E+06| 9.62770E+06] 1.15486E+07| 1.34692E+07 
Y | 1.00000E-+00] 1.00000E+00} 1.000008+00/ 1.00C00B+00) 1.00000E+C0| 1.00000E+00] 1.00000B+00 
IcD [2 2 re 2 al; 2 _| 
G, | 5.98628B-01 | 5.96415E-01] 5.956642-01] 5.95245E-01| 5.94858E-01| 5.94681E-01 | 5.94543E-Ot 
aie Cp OOS SOR OAT SOS 08 Or rh 1 OOO ioe ha) eaTcOT EOS S4ge7n nso 220nsH nsls Sasser os 
Q, | 1.71560E+05} 5,121262+05] 8.502831+05| 1.18497+06] 1.67780E+04| 1.99836E+06| 2.31 102E+06 
Y | 9,99840E-01 | 9,98S60E-01 | 9.95999B_01/ 9.921502 01) 9.83997 01 | 9.76956B-01 | 9.68635E-OL 
ICD [2 2 2 2 2 2 2 
Ty=50.00°R, Pr= 500.00 psia, Gy; | 5.98428E-01 | 5.96275E-01 | 5.95543E-01| 5.951335-01) 5.94752E-01| 5.94576B-01 | 5.94438E-01 
6623 IbiO, = 1. H310E-02 CP, | Gy | 1.-798LOB+04} 5,37228H+04| 8,9339281-04| 1.248028105| 1.77610E+05| 2.12484E+05| 2.47033E+05 
3622, py, = 0.044210 Init? Q, | 4.06718E+05] £.21517E+06| 2.02079B+06) 2.8229515+06| 4.01741E+06] 4.80623E+06| 5.58772E+06 
¥ | 9,99938E-0! | 9,99442E--01/ 9.984496-01/ 9.96961E-O1| 9.93797E-01 | 9.91068E-01 | 9.87843E-01 
Icp | 2 2. 2 2 2 lo 
Tr= 150.00°F, P;= 1000.00 psia, Cy | 5.98237E-01 | 5.96136E-01 | 5.954208-01] 5.950195-01] $.94645E-01| 5.94473B-01| 5.94336B-01 
Pry = 21573 Ib/f®, 4 = 1.3650E-02 cP, | qq, | 2.320078+04] 6.93412E+04] 115373103] 1612928405] 2.29908E+05] 2.75432E+05| 3.20743E+05 
45 1.3622, py, = 0.084210 Iie G, | 5.24784E405) 1.56845E406  2.60965B406) 3.648328+06) 5,20036E-06) 6.23008E+06 98E +06 
Y _ | 9.99969B-01 | 9.99721E-01| 9.99224E-01 | 9,98480E-01/ 9,96898E-01| 9.95533E-01 9.939208-01 
icp |2 2 2 2 2 2 
Ty= 140.00°F, Py= 2000.00 psia, G, | 5.97974E-015.9596412-01 | 5.95279B-01 / 5.94894B-01/ 5.94534E-01 | 5.94368E-01 512368 OL 
Pyp = 32.465 init’, H=41TIOE-02 cP, | g,, | 7.95605E+04| 2.37882E+05| 3.96013B+05| 5.54059E+05| 7.91035E+05] 9.48976E+05] 1.10689E+06 
= -1,0, 2, = 0.116198 Ibvtt? Q,, 16.84697E+05] 2.0472 1F+06] 3.40809E+06] 4.768245+06] 6.80765E+06! 8.1 6689E+06] 9.52592F+06! 
Y | 1.000008:00] 1.60000£+00) 1.000002+00) 1.000008+00] 1.000000} 1.00000E+06] 1.00000R+c0] 
dep |2 2 2 2 2 2 2 
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108 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-5—Selected Round Robin Test Results Matrix—US Units 
(Dy = 14.31154 in, ag = 0,00000620 in/in—"F, Gd), = 10.73437 in, a =0.00000925 3 infin—F) 


f Pa ; ‘AP (inches H,O at 60°F) a a | 
Flow Conditions Wau {9 2484 | 20.2360 | 56.2110 | 110.1736 | 224.8440 | 323.7751 | 440,643 | 
= O.00°F, Pre 14, 696 psia, Gr 1.96155R+00] 1.38180R+00) 1.19299F+00! 1.08827F+On! 9.903979B407 9,44490R-01 07450R—M1 | 
8.109 eN®, jus L.8650E403 eP, | gy | 1.121318406| 2.36972E406] 3.40988E106| 4.35477406) 5.66152E+05) 6.47903H4C6] 7.262438406 
2-10, py = 56.861 Thin? G, | 1.972028+04| 4.16758E+04| 5.99687E+04| 7.65862+04| 9.95676E+04) [.13945E405| 1.27723E+05 
y- |1.000008:.00! 1.0¢0008100] 1.00900E:.00] 1.000000} 1.00000E100] {-ancNoE..co) 1!0000E:100 
icp |-5 3 3 -t 4 4 A 
Tp= 68.00°F, Py = 14.696 psia, Gq __ | 1.02805E409| 7.69481-01 | 6.84268E-01 | 6.67033H-01 6.52787E-01| 6.46757E-01 | 6.422141 
6, 0 ivi? f= 2,122 P Im; O2E+05) 1,3039SK+406] 1.93259i+06 | 2.63755E+06) 3.68734H+06) 4.38394E+UG! 5.07866E+06 
-1.0, fy, = SAKAI Ivf? a, 1 ‘N177RANG 2.99299R4M4| 2. 2ORTOF 04) 4 HARSRR+04) 6.ARARA Ryd) 7.70092 404)-8.93172R404 
y' | 1.990008400] 1.00000E+00] 1.00000E+00] 1.000¢07%+00] 1.00000R+00] 1.00000F4C0] 1.00000R-+00 
icp |-4 A 4 3 3 3 3 
T= 11600°R, Pr= 14.696 psia, [64705801 | 6.226071 | 6,15779E-01| 612237801] 6.091118-01 | 6.07719E-O1 | 6.06635E-01 
Sa.214 BAY, gee 1, fm | 3:58348E405! 1.0344 18206! 1.705: 3E: OG! 2.373438; 06] 3.373308: 06! 4.03871E C6) 4.70343E 106 
1.0, 4 = 56.861 lof? 0, | 6302188403] 1.81920E-+04| 2.998 74E+04| 4.174100+04] 5.93255E+04| 7.10278E+04| 8.2718 1E404 
Y"/ 100000800] 1.0a000R-+00} 1.00000F+00] 1.00000F-00) 1.000005-+00] 1.0000084.00) 1.00000K+00 
D3 3 3 3 13 2 2 
Tj= 6000, Py= 14.696 psia, Cy | 6.05944E-01 | 6.00408E-01 | 5.98610B-01| 5.9761G:-01| 5.96701E-01 | 5,962808-01 | 5.95947E-01 i 
Puy = 62.266 Ibi, f1= 1.1990 cP, Gm | 3890318405) 1.06726H406| 1.773448+06| 2.47870E+06| 3.53557E4+06| 4.23970E-+405| 4.94356E406| 
121.0, py = 62.366 Bt? @, | 5.75684E+03] 1.71129F+04| 2.84361E+04| 3.97444E+04] 5.66907E+04| 6.79809R+404] 7.92608E+04| 
Y" | 1.0000084.00/ 1.00000E-100] 1.00000E:+.00| 1.00000E-00] 1.000001+00] 1.06000E-.00] 1.00000E-+00] 
ToD |2 es = 4 2 2 2 
T= 210.007, Pye 14.696 pala, Gy [599188601 |5.96154E-01 | 595135E-01| 59456501 | 5.94035B-01 | 5.93790K-01 | 5.93596H-O1 
Pop = 58. 792 w/e, pe 28250E,01 oP, am 3.45809E+05) 1.032 18E+06] 1,717366+06] 2.40201E+06] 3.42838E+06| 4112360406! 4.7961 BE+06 
E518, py 62.366 Bw? G, | 5.344838403) 1.65504B404| 2.75369R+04| 3851472404 5.49719F404) 6.39391 R404| 7.60038E+04 
Y" | 1.90000%+00] 1.00000E-+00| 1.000000] 1.0000084-00] 1.00000E+00] 1.00000E.+00} 1.06000E+00| 
icp |2 2 2 2 2 2 2 
mee Py= 14.606 psia, Gq |$.99192F-0i | §.56228E-01] 595277E-01| 5.04793E-01 | 5.94441E-01 | 5.94364E_01 | 5.94403E-O1 
0.13223 bifD, j= L3070R-02 oP, | 4, | 1.62912E+04] 47782004) 7.668438+04 1.013398405] 1.266R0405] 1.33378R405] 1.70031 R05 
Pe 13198, py = 0.118198 Oui? @, | 1.402020405| 4 11220405] 6.59945H405| 8.721258+05| 1.09028E+06| 1.14783R+06] 1.1 1819405 a 
9,97822E-01 | 9.808394E-01] 0.45538E-01| 8,932548-01] 7.821518-01 | 6.86298F-O1 | 5.73016P-01 
icp |2 2 2 2 2 2 2 
le BR, P= 108,08 psi, Z| se77bsm-a1 | Sodesim_at| SO41G46-O11 S837 28n-G1 | SSSA0NN-Ol | 5.95980 SOS0LIE-OL 
0.34109 lbvet?, 44 = 1.0670E-02 cP, | q,, |2.49817B+04| 7.44678E+04] 1.23332B4+05) 1.71243E+03] 2.405411405| 2.844978405 | 3.262328+05 
ie 3602, p, = 0.044010 IbsTe | $.65069F+05| 1.684415+06| 2.78968B4.06| 3.87340B+06] 5.44087E+06| 6,43512E106| 7.37915E+06 
Y' | 9.99690K-D1 |9.97208E-01 9.922441-011 9 8470H-O1 | 9.689770 | 9.55327K- | 9.30196F01 
Icp |2 2 2 2 2 2 2 
Ty= 0.00°F, P= 1000.00 psla, Ce 5.97302E1 | 5.94966B-01 3.941 74B-01| 5.93729E-01 5.933 15B-O} | 5.93123R-O1 | 5.92971 F-01 
Pry = 65.072 bie, t= 1.5430E-O1 oP, | gq, |3.61045E+05] 1.07801E06] 1.79578H406] 2.512228+06] 3.58638E406] 4.302268106| 5.018022: 06 
£S=1.0, py = 0.116198 Ib/1 @G, |3.10715E406| 9.285096+06] 1.54545E407| 2. 16201E+07] 3.08644E407| 3.702531407| 4318518407 
¥ 10000081001 10000081001 10000082661 1 .000nNE oo! OONAE ANG! 1. 10h! te 
icp [2 2 2 2 2 2 
Ty= 0.00%, P= 200100 psia, G_ [5.95601E-01 | 5.93912E-01 | 5.93306E-01 | 5.929678-01 | 5.92654B-01 | 5.925100! | 5.92308F-01 
Pp 2.0456 ibe, jt= 1.3520H-02 cP, Gm 6,38466H+04/ 1,90725E+05] 3.16736+05| 4.41468E+05] 6,25 148E+U5| 7.44628E+05| 8.61 168E+05 
£2 1.3198, p, = 0.116198 Ibife G,, | 5.484642405) 1 64138E+06| 2725832406) 3.70097F--06| 538002E+06| 6408272405] 7.411216405 
¥" |9,998408-01 | 9.98559E-01 | 9.95998E-01 | 9.92156E-01 | 9.83992E-01 | 9.76949E-O1 | 9.68625E-O1 
icp [2 2 2 2 2 2 2 
TEs Pa Ce G, _|5.95525E-01 | 5.93794E-01| 593203E-01| 5.92871E-01 | 5.92562E-01 | 5.92420E_01 | 5.92308E-01 
8, Gn |5.75918E+04| 1.72189105| 2.864 122405] 4,00154E-05] 5.69538E+05| 6.8 1404E-105| 7,02233E205 
@, | 1.30269F+06| 3,89481F+06| 6.47844E+06| 9,05122R--06| 1.28826E+07) 1.54129E+07| 1.79198E+07 
?”  9.999388-01 | 9.994498-01 | 9.984498-01| 9.96960E-01 9.93795E-01 | ¢.91055E-01 | 9.87839B-01 
picd |2 ee = z = 2z ‘3 
50.00°F, Py= 1000.00 psia, G, | 5.953616-01 | 5.93671E-01| 5.930938-01| 5.92768R-01 | 5.92465E-01| §.925251-01 | 5.922 14n-D1 
Pep = 2.7573 WAS, ur = 13650802 0, | gi, |743195E+04| 229255R405] 3.69880R+05| 5.17162H-05] 737255E405| £.83286E+05) .0286¢E+06 
KE 1.3622, py = 0.044210 Ibift) Q, |1.680928+06] 5.027258+06] 8.36642E+06) 1.16979B+07) 1.66762E+07| 1.99793E+07} 2.32671E+07 
¥" |9.999698-01]9.997218-01| 9.992245 01 9.98479E_O1 | 9.96807H-01 | ¢.95532E_01 | 0.93018B-01 
icp |2 2 2 2 2 2 2 
Ty= 140.00°R, P/= 2000.00 psia, G; _[595151B-01[ 5.935345-01| 592980B-01] 5.92668E-O1 | 5.99376E-01 | $.92241B-01 | 5.92134E-01 
= 32.465 bit, w= LITIGE-02.0P, | gq | 254860E405| 7.6250954+05| 1.26966E406] 1.77659E406 2.53674E406] 3.04339E.406| 3.54908E+06 
ALO, p, = 8.126198 Ibi GC, 12.193321.06) 6562150406) 1.092670407] 1528991407] 2183120407) 2.610147 | 3.0551 10407 
¥" | 1.000002+00| 1.000002+00] 1.00000E+00] 1.000008+00) 1.00000E+00) 1.00000E+00] .00000E+00 
_Licp |2 2 2 2 2 2 2 
i 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGAOUND 109 
Tabie 4-C-5—Selacted Round Robin Test Results Matrix—US Units 
{ By = 29,37898 in, ai = 0.00000820 itvin—F, dy = 22.08126 in, ox = 0.00000925 invin—F) 
cat |. AP (inches 11,0 at 60°F) 
Tlow Conditions Vole | 2.2084 202360 | 56.2110 | 110.1736 | 2248440 | 323.7754 | 440.6943 
Ty= 0.00%, Pr= 14.696 psia, G,_ [135360800] 7.127718-00| 9.844298-01 | 9.018731_01 | 6.211 14E-O1 | 7.81570E_01 | 748603501 
Pip = 58.199 tone’, ft = 18650B+03 cP, | gq, |3.74090E+06) 8,14595E+06] 1,18514B+07| 1.52006E+07| 1977006407] 2.25822E+07| 2.5237 7E407 
k2-1.0, py = 56.961 Ibe Q, | 6.57903E+04] {432611+05) 2.084238+05] 2.6732984+05] 3.47701E+05| 3.971 475+05| 4.43848Ee05 
Y | .009008+00} 1.000008+00! 1.00009E+00! 1.000005+-00/ 1.00000E-00] 1.00000F+00/ £.00000E-n0| 
Icp [-5 4 4 4 -4 
T= 58.00°E, Py= 14.606 pela, G;_ [8.52642E-01) 6.73057E-01} 6.51622E-O1 | 6.41140B-01 | 6,32329F- 
Dip = S6G8OIDND, p= 2,12006+02 ob, | gi, | 2028S7EiMEl 4 RN308EsNE! 77516324061 1.O677TEVO7] 1504035. 
OQ, |3.56759E+04] 8.44864E+04] 1363265405] 1.87786E405| 2.64580E+05| 3, 1S600E+05| 3.605 1 BE+05 
¥" | 1.00000H+400) £.90000E+00 1,00000E400| 1.00000E+00| 1.00000E+00| 1.00000L+00} 1.000008+00 
Tep |-4 3 3 3 3 4 3 
Ty 116.00°F, Pp= 14.696 psia, C, |6.28736E-01| 6.129148-01] 6.08275E-01] 6.05815E-01 | 6.036095-01 | 6.02616E-01| 6.01838E-01 
Pip = S424 1B/E, tr = 1-74908401 cP, | g,, | 1.46659E+06] 4.28909E +06] 7.094336406| 9.89197E406] 140799E+07) 1_6R68 IF? 1.9684 1407 
2-10, py, = 56,861 70 O, | 2.579268404] 7.543 12E+04] 1.24767K+05| 1.73968E405] 2.476208-405| 2966555405 | 3.4565 1B+05 
Fy | [00000800] 1.006000} 1 00000800) |.060008+00) 1.c0900r+00|1.e0000E+00] 1.000001+00 
tcp a 2 2 2 2 | 
T= 60.00, Pr= 14.696 psi, Gy eos saan $.95951E-Ol | 5.95204E-01| 5.945125-0i | 5.941930! | 5.939405 -01 
Bip = 62.366 1b/IC, 41 = 1.1990 oP, 4.47198E+06| 7.43652E+06| 1.02981E+07] 1.483716+07| 1.77950B+07 | 2.075206+07| 
K2-LD, Oy = 62.366 lofi! iy 7. 4 1.19240B405) 1.667278+05) 3379041405] 2.85332E+05| 3.32745E-05 
1,00000E+00] 1,000008-00] 1.00000B+00] 1.00000E-+00| £.00000H+00| 1.00000E+00] 
2 2 2 2 2 2 
T= BOO, Py = 14.696 psia, G_ [5.963678-01 | 5.94080E-01 | 5.933048-01 | 5.92869E-01 | 5.92463E-01 | 5.9227SE-01 | 5.92126E-01 
58.792 IAC, w= 2,8250E-01 cP, | gq | 144968606) 4.332408+06] 7 21124840061 1.00RR3E-+07] 1.4420F407] 1.727708407| 2.015141407 
ean Pp = 62.366 Ib/ie G, |2a2447hendl 6 94e7deloal 1 1s62sn405! 1.6 | 2, 309281205! 2.77005H+05! 3.23 115E 105 
¥ 1-00000800 1900008400] 1. 000008+00] 1,00000E+00] 1.00000E+00| 1.00000E+00 
icp 2 2 [2 2 2 
y= 8.00°R, Py= 14.056 psia, a oe 5.94 160B-Ot | 5.9343 7-01 | 5.93007E-O1 | 5.92798E-01 | 592749801] 5.927691-01 
Pip 0.1323 IWR. yx = 1 B070E-02 oP, da | 6.82979E+04) 2.00563E405] 3.21995E+05| 4.25604E+05 | 5.32147F-+05| 5.6027 1E+05| 5.45798B+05 
k= 1.3198, a, =O. 116198 tort OQ, |5.877728+05| 1.72604E406) 2.771098-+05| 3.6€275E+06] 4'57966E+406| 4.821 701406] 4.697 14E1-06 
Y | 9.978226-01] 9.80395E-O1 | 9.45542E-01 | 8,93263E-01 | 7.82170E-01 | 6.86324E-0i | 5.73052B-01 
iep [2 2 2 2 2 : 2 
T= 50.00°F, Pr= 100.00 psia, , 15.949540-01/ 5.931R2R-O1 | $.998R1H-O1/ § 97246n-011 59193901 E011 591695801 
Pry = OSUL09 If, t= 1UG70E-02 cP, | gy, | 1.04812R405} 3.12724E405) 5.1 80R6E+05| 7. 194778403] 1.01078E+06| 1, 19557406] 1.371048 06 
& = 1.3622, p, = 0.044210 lbvt? Q, | 2.370778+06] 7.073608406| 1,17188E407) 1.62740E407| 2.28632E+07| 2.7043 1407] 3.10120B407 
¥ — |9,996908-01] 9.97208E O1/ 9.92245E-01 | 9.84800E-01 | 9.68980L-01 | 9.5533 15-01] 9.392018-08 
icp [2 2 2 2 2 a 2 
G,_ [5.94974B_01] §.93200R-01 | 5.925048_01] 5.992538 01] 5.91935E 01/ 5.917878 01/5.01670E OL 
Gn | 1-514781+06] 4.53084E406] 7.54368-+06] 1.05551B#07] 1.50700E+07| 1,80802E+07| 2.10894E+07 
O, | 1.303628107| 3.299248407| 6.49209H407| 9.08370B+07| 1.29697B+08| 1.55598E+08| 1.81495E+08 
¥ | L.00009E+00| (.00000E+00] 1.00000E+00| 1.¢0000E+00) 1-00000E+00| 1.00000H:-00] 1000008400 
Iep [2 2 z 2 eis 2 2 
O.O0°F, Pp= 200.00 sia, G,_|5.93753E-01|5.923938-O1 | 5.91928E-01 | 5.916675 01 | 5.91426E-01| 5.913 15-01 | 5.91229E-01 
Py = 2.0406 Ib, = | a, | 2.68045E+05! EOS) 133009H106! 1.85537E106| 2627657406! 4. 13003R:.061 3 62006406 
k= 1.3198, p, = 0.116198 lb/ft? Q, | 2.30680E+06) 6.89577E406) 1.14545E+07| 1.59674E407) 2.261 368407 | 2.69371B+07| 3, 11543E207 
¥ | 9.998408-01| 9.985595-O1 | 9.95998E-ot | 9,991575-01 | 9.83994E-01 | 9.76951B-01 | 9.68628E-01 
ep {2 2 2 2 2 2 2 
T= S0.00°F, P;= 500.00 psia, G, )5.936208-01 | $.922978-01 | 5.91843E-01 | 5.91588E-01 | 5.913508-01| 5.91240E-01] 5.91153E-01 
Pip = 1.6623 IMR, f= L13108-020P, | gy, | 2417992405] 7.23429B405) 1.20359E+406| 1.681 79E+06| 2.3939715+06| 2.86434E1.06] 3.33036E+06 
k= 1.3622, py = 0.044210 iby Q, | 5.46933E+06} 1.63635E407| 2.722440407| 3.804 10E+07] 5.415008+07| 6.47894E+071 7.53305E+407) 
FY | 9,99938E-01| 9.99442E-01 | 9.984498-01 | 9.969602-01 | 9.93796B-01| 9.91066E-01] 9.878408-01 
icp |2 2 2 2 2 4 4 
IS0.00°R, Fr= 1000.00 psia, Gj, [5.934838-01] 5.9219 1-01 | 5.91747E-01 | 591497601) 5.91263E-01 | 5.91 155601 | 5.91070E-01 
2.7573 i = 1.3650E-02¢P, | Yq | 3.12019E405] 9.33796E405| 1.55439E406] 2.17360E+06] 3.09900E+06| 3.71303H+ 06} 4.324228+-06, 
Be open @, | 7,057660+06) 2. 3.51592E407| 4916546407) 7.00972B+07 | §.398628+07) 9.78 109107) 
9.99969E-01 | 9,99721B-01 | 9.99224E-01| 9.98480E-01 | 9,96897E-01 | 9.95532B-01| 9.939 19E-01 
icp [2 a 2 2 2 2 2 
Tg= MDO0K, Pr= 200000 psia, Gj |5.93325E-O1 | 5.92087E-01 | 5.91661B-01 | 591420E-01| 5.91196H-01| 5.91002E-01 | 5.91009E-01 
Pip = 22.465 Ib, = 4.ITIOE-U26P, | g,, | 1070172406] 3.20384E4+06| 5335885406) 7.46720E+06] 1.06634E207| 1.27938E+07| 1492408407 
ke LO, p, = 0.116198 loft? O, | 9.20987E106} 2.75722B107] 4.59206H+07| 6.426275+07| 9.17690E+07| 1.10103R+08) 128436808! 
¥ | ..o0ea0%:+00} 1.00000E+00] 1.00000800| 1.00000E+06] 1.00000R+001 1.00000E:.00] 1.000008..00! 
L IcD 2 2 2 2 2 2 | 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND ic 
Table 4-C-6—Selected Round Robin Test Results Matrix—SI Units 
(Dp = 0.973676 im, do = 0.00001116 minK, Gin = 0. 014684 m, of = 0.01000665 m/m-—K) 
Cell Pa 
Value | $59.5 5035.6 13987.7 21415, sssu.e | sose91 | 1o9s6s.s 
G; | 1.43078E400] 1.356978+00| 1.18122E-+00] 1.08585E+00| 9.99813B-01| 9.611601-01 | 9.31040E-01 
: Gm | 2.47361E-0! | 7.03806B-01 | 1.021098+00] 1.31410B+00] 1.72854E+00) 1.99406E+00) 2.25350E+00 
0, py=2 910.83 kg/m? Q, | 2.71578E-04 | 7.72708B-04 | 1. 12105B-03] 1.44275B-03} 1.89777B-03] 2.18928B-03/ 2.47412B-03 
Y | 1000005001 1.600005+00] 1.000008+00] 1,00000E+00/ 1.00000E+C0! 1.0c0U0E+00) 1.00000E+00 
Teo |-5 =] 4 [-4 +4 4 ee 
Ty= 23.15 K, Py = 1,01325E+05 Pa, G_ | 1.03233B400] 8.307231-01| 7.69144E-01| 7.36966E 01 | 7.08901E-01/ 6.96641E-01' ¢.87257E-01 
Pip = 907.60 kel 2.12200-01 Pa-s, | Gy, | 1.76320E-01 | 4.256628-01 | 6.568476-01| 8.811 14E-O1] 1.21080E-+00) {.42783E+00] 1.643360-+00| 
1.0, p= 910,83 kg/m? }, | 1:93581E-04 | 4,67335R-04 | 7.21 152B-04 | 9,67375E-04] 1.32934E-03! 1.56762E-03] 1.80425E-03 
¥” | 1.00000E+00} 1.00900E4-00) 1.00000B00] 1.09000E+-00] 1.000008+C0} 1.00000E4+00) 1.00000B+00 
Icp |-4 4 4 3 3 =3 3 
77 353.15 K, Py= 1.01325E+05 Pa, G | 6.97291E-01] 6,45881E-01]6.31661B-01/ 6.24554H-01 | 6.18538E-01| 6.15959E-O1 | 6.14002E-01 
68.43 ka/in’, jt~ 1.7490E-02 Pa-s, | gy | 1.16731B-01| 3.24377E-01 | 5.28724E-01 | 7.318858 -O1| 1.03548E+-00| 1.23739B+00] 1.43904E+400 
0, , = 910.83 kom? Q, | 1.28159E-04 | 3.56133E-04 | 5,80486B-04| 8.035368-04| 1.13685E-03| 1.35853E-03] 1.97992H-03 
Y | 1.600002+00] 1.00900E+-00| 1.000002+00/ 1.00000E+00| 1.00000E+00! 1.00000E+00| 1.00000E+00| 
Ten |-3 \3 3 -3 3 3 A 
Gr |6.12716B-01 | 6.03868E-01 | 6.01673E-01 | 6.00597H-01| 5.99699E-01 | 5.99318B-01 | 5.99032E-O1 
Gat BE-U1 | 3.245825-01 | 5.390026-01 | 7.532545-01) 1.07447E-00) 1.288540+00} 1. 
gy, Ud 537-04 | 7 54000E-4) i 1.28982E-03 
Y | £.00000E+00] 1.c0000E+-00] 1.00000E:-00] 1.00000E+00} oon008-00 |-oe00t+00 1,00000E+00 
Icp |-3 2 2 2 2 
p= 372.04 K, Py = 1.01325E405 Pa, | 6.0241 1E-01 | 5.99259H-01 | 5.98434E 01 | 5.98030H-01 isicent or 5.97441E-O1 
41.75 koi, = 2.82505-04 Pa-s. | g,, | 1.05084E-01 | 3.13607E-1 5.219578-01 ) 7 30246H-01] 1.042628-00} | 25084E400] 1 
6, 9,999.01 keym! 6, |i 3,901 7E-04 7.3096912-04! 1.04365B-031 1. 0E-03 
1.00000B+.00) {o00ocE0q £.00000B+00| 1.00000B-00| 1.000008--00| 1.00000E:+-00 
2 2 2 2 2 2 
T= 293.37 K, Py= 1.01325E405 Pa, Cy | 6.02323E-01 | 5.99244B-0i | 5.984618-01 | 3.98099E 01) 5.97837B-01| 5.97758E-01 | 9.97734E-01 
Pip 22.1181 keh 1.30705-05 Pa-s, | q,, | 4.95502E-03 | 1.45856E-02 | 2.35999H-02| 3.15975E-02| 4.08036B-02| 4.449031-02| 4.57436E-02 
£= 13198, p, = 1.86131 kein? Q, | 2.6621 18-03 | 7.83622E-03 | 1.26792E-02| 1.69760E-02| 2.19220B-02| 2.39027E-02| 2.45760E-02 
Y | 9.98282E-01 | 9.8454 1-01 | 9.57057E-01 | 9.15832E-01| 8.282296-01| 7.52650E-01 | 6.63329E-O1 
Ic |2 2 2 2 2 2 2 
T= 83.15 K, Pr = 6.R0416EHS Pa, GQ 6,00256F-01 | 5.98252F_11 | 5,97729R-01 | $.97474F111 5.97264F-O11 5.97176EO11 5 TE-O1 
Pry 24.9831 ko/int, ft = 1,0670E-05 Pa-s, | ¢,, | 7-59227E-03 | 2.26566E-02 | 3.757998-09 | 5,22788E-02| 7.37152B-02| 8.74695E-02| 1.00692E-01 
= 13622, p, = 0.70817 kim? Q, | 1.07210E-02| 3.19931E-02| 5,30662E-02| 7.382248-02| 1.04092E-01] 1,23515E-01] 1.42186E-O1 
Y — |9.99755E 01/9.97799E 01) 9.939868 -01] 9.88016E-01] 9.75542E-01} 9.64781 5-01) 9.52063E-01 
icp |2 2 2 2 2 2 2 
Ts Pp 6RO7TEROG Pe, | Gy | 6.00256R-01 |S 98240501 | $.9772dEi-01| $97466R-01| 5.99350HO1| $97159E-01 | 5.97090E-O1 
Pr g/m’ f= 15430804 Pas] gy | 1.09732E-D1| 3.28098E-01 | 5.463495-01] 7.64558E-C1 | .09183E+00} 1.31000H+00) |.52815E+00 
£=-1.0, py= 1.86131 kpfm® Q, | 5.89541B-02| 1.76273B-01 | 2.93529E-01| 4.10764E_O1 | 5,86593E-01| 7,03804E-01| $.21010E-OL 
Y _ | 1.00000E+00] 1.0000E+00| 1.00000B+00/ 1.000002+00| 100000200] 1.00000E+00] 1000008400 
icp |2 2 2 2 2 i elaeeel Ae 
T= 3SS.37K, y= L37E9SEGPa | Gy |5.98801E-01| 5.97568E-015.97246E-01| 5 9708eE-1] 5 96956E-O1 5,96901E-01| 5.96859E-01 | 
783 kefm’, = 1.35208-05 Pas, |g, 9.650808 09! 1.346668-O1! 1 o1ng9n 1! a 29q0nF oi! 9 g49ngB oF 
4213198, p, = L86131 kgf? @, | 1.042858-02| 3.119000~02| 5.185008-02| 7.235031-02| 1 o2cese-01| 1.224941-01| 1.41945E-O1 
¥" | 9.99874E-01 | 9.98864B-01 | 9.96845E-01| 9.938 15E-01| 9,873781-01 | 9.81825E-01| 9.752618-O1 
Icp |2 2 2 2 2 2 2 
Ty = 283,15 K, Pp = 344738406 Pa, |G; | 5.98685E-01]5.975148-01  5.97206R-01 | 5.970S6E-01] 5.969302-01 | 5.96876E-01 | 5.96836E-01 
Pry = 26.627 kpfm?, = 1.1310E-05 Pa-s, | gj, | 1.75077E-02| 5.240045-02 | 8.72206E-02| 1.21934B-01| 1.73720E-01| 2.07994B-01| 2.420228-01 
k= 13622, p, = 0,70817 kgim? Q, | 2.47225E-02] 7.39941B-02| 1.23163B-01} 1.72182E-01| 2.45308E-01| 2.93707E-01| 3.41757E-01 
¥ | 9,99951E-01 | 9.99560B-01 | 9.98777B-01 | 9.97603E-01} 9.95 108E-01 | 9.92956E-01| 9.904 13E~01 
tcp |2 2 2 2 2 2 ? 
Tp = 338.71 K, Pp = 6.89476E+06 Pa, | Gy | 5.98988E-01]5.97468E-01|5.97174E-01| 5.97030B-01| 5.96910E-01| 5.96858E-01| 5.96R20E-01 
Pig = 44.168 kp/mn?, 12 = 1.3650E-05 Pa-s, | gy, | 2.25874E-02| 6.76229E-02| 1.12605E-01 | 1.57516E-01| 2.246975-01 | 2.693228-01] 3.13788E-01 
£1622, p,~ 0.70817 kein? G, | 3.18955E-02) 9.54897R-02) 1.590098-01| 2.224978-01} 3.17292E-01 | 3.80308B-01) 4.43097E-01 
Y _ |9,999762-01 | 9.99780E-01 | 9.99389E-01 | 9.98802L-01| 9.97554E-01 | 9,96478B-01| 9.95206E-01 
icp [2 2 2 2 2 a 2 
Ty =493.15 K, Pp = 137R05E+07 Ps, | Cy | 5.98426E-01| 5.97392E-01 | 5.97121E 01 | 5.96987E-O1| 5:96875E-01| 5.96828E-01| 5. 96H2E-O1 
Pap = 520.04 kafn?, 44 = 4,1 710E-03 Pa-s, | dq | 7.74718E-02| 2.2201 6E-01 | 3.86517E-0t | 5.41003B-O1| 7.72716E-01| 9.27185E-01] |.08165E+C0 
k=-1.0, py= 1.86131 kp/m? Q, | 4.16222E-02] 1.24652E-01 | 2.07659R-01 | 2.90657E-011 4,15146E-01| 4.98136E-01| 5.81124T-01 
les Y | 1.000008+400] 1.00000£+00| 1.000002+00 1.000080! 1.00000E+-00] 1.00000E:00] 1.00000F+C0| 
TcD jz 2 2 2 2 2 2 
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Table 4-C-6—Selected Round Robin Test Results Matrix—SI Units 


(By = 0.102270 m, op = 0,00007716 m/m-K, dy = 0.620499 m, ay = 0.00001665 m/m-iK) 


Cell Pa 
Flow Conditions Malus, 559.5 5035.6 13987.7 Q7A415. SS9SUK 80569.1 109663.5 
Tp = 255.37 K, Pr,= 1.01325605 Pa, G, | 1.42942E100} 1.236788100] 1.08598E+00] 1.00447E+00} 9.31233E-01 | 8.98444B-01 | 8.72954E-01 
Pip = 932.26 kgin?, w= 1 8650 Pa-s, Gy | 4.7879RE-01| 1.242828+00) 1.81881 E400 2.35522B400} 3.11928E+00) 3.611338+00) 4.09369B+00 
kS-10, Py = 910,83 kg/m? Q, | 5.25673E-04| 1,36449E-03) 1.99687E-03) 2.58580R-03 | 3.42465E-03 | 3.96488B-03 | 4.49446B-03 
¥ 1,000008+00) 1.0060024-00) | 00000800! 1.000802400! 1.60000E-+00} 1.00000E+00! 1.00000E+00| 
cD |-5 -4 4 +4 
K. Pp= Gq 7 B 
kgim’, jt B In | 3. i B+ 
= 910.83 korn? Q, | 3.48371H-04] 8.59463H-04] 1.33918E-03] 1.8071 5E-03 | 2.49776£-03 | 2.95354E~03 | 3.406826-03 
y 1,00000E+00} 1.00000E+00} 1.00000E+00] 1.00000E+410} 1.00000£+00) 1.00000E+00) 1,00000E+00} 
IcD [4 ol -3 3 3 


Cy | 6.7?2984R-H1 | 6.36219F-O1 | 6.24766R-01 
4g, 2,19900B-01! 6.190672-O1! (.012202+00! 1 0 iy, 2. +00 
2.41428B-04 | 6.79674B-04! 1.112398-03 130318708 2.18718E-03 | 2.61572E-03 | 3.043776-03 
Y 1,00000E+00} 1.00000E+00} 1.00000E+00) 1.00000K+00] 1.000005+00] 1.000G0+00] 1.00000E+00) 


6. Dopor ol 6.14205F-01 


1p |_3 4 4 a 3 a > 
H KD [3 =3 3 3 3 -3 ae 

Ty = 288.71 K, em = 1.01325E+05 Pa, €, | 6.09491B-01) 6.02522E-01 | 6.00780E-01 | 5.99926E—O1 | 5.99213B—0! | 5.989] IE-01 | 5.98683F-0[ 
Pup = 999.01 kyim’, t= [. 1990E-03 Pars, | ¢,, | 2.11572B-01] 6.27466H-01 | 1.04275E+00] 1.45777E+00| 2.08006E+00] 2.4948 1K+-00| 2.9095 1E+00) 
ks =1.0, py = 999.01 kg/m? Q, | 2,11782E-04] 6.28087E-04| 1,04378E-03| 1.45922E~03 | 2,08212E-03 | 2.49728E-03 | 2,91239E-03 
¥ 1,00000B+00] 1.09000E+00) |.00000E+00) 1.00005E+00} 1.00000E+00) 1.00000E+00) 1.00000E+00) 

IcD |-2 2 2 2 2 2 2 
Tr =372.04 K, Pp = 1,01325B+05 Pa, Cy 6.01365B-01 | 5.98864E-01 | 5.98209B-01 | 5.97888E-01 | 5.97619E—-01 | 5.97505LE-01 | 5.97419E-01 
Pap = 941,75 kei’, aes 2.8250E-04 Pa-s, | g,, | 2.03244B-01} 6.072026-01 | 1.01089E+G0) 1.41449B400) 2.01979B400) 2.42329E+00] 2.82676E-+00| 
k=-18, p,=999.01 kein? OG, | 2.034450-04) 6.07803 2-04) 1.01 1898-03 | 14158903 | 2.021 798-03 | 242569693 | 2.82856E-03 
yop 5 oe EY ODEO ad eae 1,00000E+00] 1.00000E+00 

2 2 


Ty = 255.37 K, Pp = 1.01325E+05 Pa, C, | 6.01295E-01| 5.08851R-01 | 5.98230R-01 | 5.97042F01 | 5.97734F_01 | 5.97671F_01 | 5.97652F01 

Pap = 2.1181 kgan®, p= 1 3070F-05 Pa-s, | 4, | 9.58381B-03] 2.82407E-02) 4.57063E-02/ 6.12030E-02 | 7.90418E~-02 | 8.618565-02 | 8,86140E-02 

kel 31938, 9, = L86131 kefm$ Q, | 5.£4896E-03] 1.51725E~-02] 2.45560E-02 | 3.2881 7E-(2 | 4.24657E-02 | 4.63037E-02 | 4.76084E-02 

9,98282E-01| 9.84540E-01 | 9.57057E-01 | 9.1583 1E-O1 | 8.28227E-01 | 7.526465-01 | 6.63324E-01 

2 2 2 2 2 2 2 
5 


S.O0G5SE-O1 | S.O806SE AM | S.O764 BRT S.S727RR-O1 | S.S7208R-O1 |S. 


971 
1.46950E-02| 4.38825E-02 | 7.27999E02 1.42824E-H | 1.69478E-01 | 1.9510 
2,07507E-02| 6,19661E-02| 1.02800E-O1 | 1.43022E-01 | 2.01680B-0! | 2.39319B-O1| 2.75501E-O1 
9.99755E-01| 9.9779913-01 | 9.938855-U1 | 9.88016B-(1 | 9.75542E-01 | 9.64780E-01 | 9.52062B-01 


S 
2 
8 
z 
ii 
oS 


2 2 2 2 EZ 2 2 
Tp = 255.37 K, Py = 6.89476E+06 Pa, Cy = | 5.99655R-01] 5.98062F-01 | 5.976447 -O1 | 5.9749 91-01 | 597267701 | 5.97 194-04 | 5.97 1400-01 
Prp = 1042.35 epi’, Hel 54308 04 Pa-s,| g,, | 2.123897-01f 6.35480B-01 | 1.05839B+00| 1.48124E400| 2.115452400/ 2.53823E+00| 2.960998+00| 
K=-L0, py = 1.86131 kim? Qy | 1.14107E-01) 3,41416B-01 | 5.68627B-01 | 7,95804E-01 | 1, 13654B+00) 1,36368B+00) 1,59081E+00 
¥ 1.00000E+001 1.000005+00! 1.000008400! 1.09000F001 1.00000F+00! 1.00000R+00) 1.00000F+00! 

IcbD |2 2 2 2 2 2. 2 


CG; | 5.98500B-01| 5.97520E-01 5.97264E-O1 5.97138E-01 5.97033E-01 5.96989E-01 Bea 


69E-01 | 1.8 4,41807E-01 


Pip Gn | 3:75887B-02) i. 

12 1.3198, y= 1.86131 Fahad G, | 2.019481:-02] 6.042458-02} 1.00461E-01 | 1.401881:-01 | 1.98936E-01 | 2.37363E-01 275057201 
¥ —|9.99874R-01| 9.98864B-01 | 9.96845E-01 | 9.93815E-01 | 9.87378E-01 | 9.81825E-01 | 9,75261E-01 
ICD |2 2 2 = 2 2 = 

Ty = 283.15 K, Pp =3A4738EH00 Pa, | Gy | 5.984081-01 5.97232B-01 | 5.971126-D1 | 5.97012B-01 | 5.96969B-01 | 5.96937E-01 

yy = 26. 27 kaha’ 1.1310E-05 Pas. |g, |3.39049E-02 1.689948-01 | 2.362668-1 | 3,36023R~01 | 4,03045R-01 | 4,63989R-1 

= 1.3622, p,= 0.70817 kp/n? G, | 4787688-02] 1.43352R-01| 2.38635E-01 | 3.33629F-01 | 4.75342E-01 5.60136E-01] 6.62255E_01 
Y | 9.999518-01| 9.99560E-O1| 9.98777E-O1 | 9.97603E-01 | 9.951 08F-01 | 9.92956r-01| 9.904 12-01 
top |a 2 2 2 2 2 2 

T; = 338.71 K, Py = 6.89476E406 Pa, =| C, | 5.98331E-01] 5.97441 8-01 | §,97207E-01 | 5,97092E-01| 5.96996B-01 | 5.96955E-01| 5.96924E-01 

Pip = 44,168 key’, = 1.3650E-05 Pa-s, | gy | 4.37436E-02| 13101 LE-O1 | 2,18180E-O1 | 3,05215E-01 | 4.35406H-01 | 5.21888L-01| 6.08060L-01 

k= 1.3622, py = 0. 76817 kgm? Y 6.17 698-2) 1, B2UD0E-OL | 3.08081 E-OL | 4. 3099UB-U1 | 6.14833E-01 | 7.369521] | 8.54696E4}1 
¥ | 9.99976E-01| 9.99780E-O1 | 9.99389E-01 | 9.98802E-01 | 9.97554E-01 | 9.96478E-01 | 9.95206E 11 
Icp |2 2 2 2 2 2 2 


Ty = 333,15 K, Pp = £,37895E+07 Pa, Gy | $.98202E-01| 5.97380L-01 | 5.97164E-01 | 5.97058E-01 | 5.96969E-0 | 5.96931 B-OF | 5.96902E-01 
= 52004 kg/ar? H=4,1710E-05 Pa-s, | g,, | 1-50043E~01} 4.49515E-01 | 7.48918B-01 | 1.04830E+00) 1.49735E+00} 1.79670E+00| 2,09605E+00 

2 Oy = 18 OST IAE 021: 2:4 1S05H-01 4/0286 1E Ol SG0205 8-01) 8 O4AS8r-O1 10 6528en Ol AZEFOO! 
Y¥ 1,00000E+00; 1.00000E+00] 1.00000B+00) {.00000E-+00] 1.00000E+00} 1.00000E+-00} 1,00000H+00) 
icD {2 2 2 2 2 2 2 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 113 
Table 4-C-6—Selected Round Robin Test Resuits Matrix—SI Unit 
(Dm = 6.202729 mM, Og= a GBOGTITE n/m K omy = = 6. 540487 mM, aye 6. 50001665 mim—K} 
Cel Pa 
Flow Conditions Value | 559.5 5035.6 13987.7 27415, 55950.8 80569.1 109663.5 
Ty = 255.37 K, Py = 1,01325E+05 Pa, G, | 1.383608+00] 1.040318+00) 9.31423B-01 | 8.73195E-0i | 8.2138 1B-01 | 7.9838 TED! | 7.80599E-01 
Pop = 932.26 kg/m>, p= 1.8630 Pa-s, Gm | 1,81796B+00} 4.100748+00] 6.11923H+00} 8.03131E+00) 1.07925£401| 1.258831+01 | 1.435931+01 
kS-L0, p,= 910.83 ka'm? J, | 1.99594E-03} 4.502201-03| 6.71830B-03| 8.81757E-03 | 1.18491E-02| 1.38207E-02 | 1.5765 1E-02 
1000008400} 1,00000B+00] 1.00000F+00] 1.00000E+00] 1.00000E+00! 1.00000E+00] 1.000008+00 
5 4 4 A 4 4 4 
T= $,40869E-01] 7.22461B-01] 6.87815E-01| 6.7011 LE-O1 | 6.54928E-01 | 6.48378B-01 | 6.43399E 01 
Pip = 907.60 ke 2.12 Gm | LO9151BL00) 2.81346H+00) 4.464216 +00) 6.08902E+09) 8.50151E+00) 1.00998E+01 | 1.16926E401 
k2-10, p,=91083 ke'm? Q, }1.19837B-03] 3.08889E-03] 4.90125E-03] 6.68514E-03 | 9.33381E-03 | 1.10885E02| 1.28373E-02 
¥ | 1.00000E+00] 1.0000013:-00} 1.00000%+00] 1.000008+00| 1.00000%+-00} 1.000001:+00] 1.000002+00| 
ICD |4 3 3 =3 =3 =3 3 
= 353.15 K, Py = 1.01325E+05 Pa, G  16.48724H-01) 6.21815E-01] 6.14499E-01| 6.10828E-01| 6.07674E-01 | 6.06292E-01 | 6.05308E-0! 
oe 968.43 yn t= L.7490B-02 Pa-s, | qq |8.25368B-01| 2.37342E+00| 3.90915E400| 5.4401 1R400| 7.731462-+00| 9.25665E+00| 1.07819B+01 
K=-L0, 9, = 910.83 kein? Q, 19.0617218-04| 2.60578E-03|-4.29185E-03 | 5.97270E-03 | 8.48837E-03 | 1.01629E-02| 1.18374E-02 
¥ | £.000008+00] 1.000002+00} 1.00000E+00] 1.000001+00| 1.000001+00} .00000E+00] 1.00000E+00 
Iep |-3 =3 = 2 -2 22 2 
CG, | 6.04694E-01] 6.00563E-01] 5.99481B-01| 5.98950E-01 | 5.98507E-01 | 5.98319E-01 | 5.98178E-01 
qn |B 00 9 


g 3 9 

P| Loo9oae+00! 1:000002+00] 1.000000] 1.00000E+00| 1.00000E-+00) 1.00000F+801 1,00000E+00 

Icp |2 2 2 2 2 2 2 
Tj = 372.04 K, Py = 1013253405 Po, G,__ | 5.99845B-01 598290E-01| 5.97883E-01 | 5.97682E-01 | 5,97515E-Ol | 5.97444B-01 | 5.973001 
Pap = 941.75 kon? Gm | 7.95243E-01| 2379572400] 3.963246400| 5.54668H+00] 7.92160E+00] 9.50479E400] 1.10879B+01 
ke 2 = 999.01 kefmé Q, |7.96031E-04! 2.38193R-03| 3.96717E-03} 5.55217E-03| 7,92045E-03| 9,51421P-051 £. 10989R02 
¥ ‘pgnoge +00 LOH L.00000B+00] H.000008 +00 1,00000E+00} OE ee 1,00000B+00 

icp 2 2 2 
Tp = 255.37 K, Pp = 1013258405 Fa, Gr SEAT Tray 59789501 sanieal 5,97586E-O1 Tagen 9753501 
Pip = 20118] kyle’, p= 1.3070E-05 Pa-s, | gq | 3.75007E-02| 110674201] 1.79190E-01 | 2.39989E-O1 | 3.09979E-Ol | 3.38008E-01 | 3.47536E-01 
k= 1.3198, ae 186131 epi’ Q, |2.01475E-02| 5.94600E-02| 9.62711E-02) 1.28935E-O1 | 1.66538E-O1 | 1.81597E-O1| 186716501 
¥ | 9,98282E-01| 9.84540B-01] 9.57057E-01] 9.15831E-Ol | 8.28227E-OL | 7.52648E-01 | 6.63326E-0! 

IcD |2 2 2 2 2 2 2 
Tr = 283.15 K, Pe = 6.804767105 Pa, fy |5.987828-0115.97792R-(1| 5.97543F-01 | 5.97408F-O1 | §.97301F-01 | 5.9725RR-01 |5.97225F01 
Pip = 4.9831 kei’, t= 1.0670R-05 Pa-s, | ¢,, | 5:75599R-02| 1.720598-O1| 2.85515R-01 | 3.97276F-O1 | 5.60274F-O1 | 6.64863B-01 | 7.65407E-91 
8.1279812-02| 2.42962B-01] 4.03173E-01 | 5.60990E-OL | 7.91 157E-01 | 9.38847E-01 | 1.08082E+00] 
¥ [9.997551 01] 9.97799E 01] 9.93886E 01] 9.88016 OL] 9.75542E 01) 9.64781E 01) 9.52063E Ot 

IcD {2 2 2 2 2 2 2 
Hay 37K, Py = 6804768106 Pa, CG, [5.98781B-01] 5.977008-01| 5.97530E-01 | 5.97402R-01 | $.97204E-01 | 5.07240E-O1 | 5.97914E D1 
1042.35 kg/m’ 41= 1.54305-04 Pa-s,| ¢,, | 8.3191815-O1| 24916515+00} 4.15093E+00| 5.81005E+00] 8.29859E+00| 9.95754E+00] 1.16165E+01 
ay 0, pp = 86131 kgm? Q, | 4.469531] 1.33865E+00} 2.23011 +00] 3.12 149E+00] 4.45846B+00| 5.34975E100) 6.24101E+00 
Y _ | L.00000£+00| 1.000008+00} 1.00000E+00] 1.00000E+00| 1.00000E+00| 1.000005+00| 1.000008+00 

ICD |2 2 2 2 2 2 
Ty = 255.37 K, Py = 1.37895E406 Pa, G,_ [5.98063E-01/ 5.974538-01 5.97292H-01] 5.97213E-01 5,97120E-01 | 5.97099B-01 

783 kehn?, p= 13520605 Pa-s, 1A7341H-O11 4411295011 9 1} 1023698409 1 


a 
42 1.3198, py= 1.86131 kg/m? a, 


5.49981E-01 | 7.805128-01|9 


44B.001 2.06 


OU 


7.91596E02| 2.36999E-01] 3.94093E-01 9.31303E-O1| 1.07922E+00 
¥ | 9,99874E-01 | 9.9886413-01 | 9.96845E-01 | 9.93815E-01 | 9.87378E-Gt | 9.81825E-01 | 9.75261E-Di 

icp |2 z 2 2 2 2 z 
Ty =283.15 K, Py =3.44738E10G Pa, | Gy /5.98000B-01) 5.97426E-01] 5.972735-01] 5.97197E-O1 | 5.97 1348-01 | 5.97108E-01 | 5.97088E-O1 
Pip = 26.627 kein, = 1,1310B-05 Pa-s, | g,, | 1.329098-O1| 3.98187E-01| 6.629548-01 | 9.26928B-01| 1.32073E400) 1.58138E+00| 1.84015E+00 
A= 1.3622, p= 0.70817 kg/m* Q, | 1.87679H-01] 5.62276E-01 | 9.36151E-01 rsa 1,86499E+00| 2,23305E400| 2,59846E+00 
¥ — |9,99951E-01] 9.99560E-01| 9.987775-01| 9.97603B-01| 9.95 108E-O1 | 9.92956E-O1 | 9.90413E-01 

icp [2 2 2 2 2 2 2 
338.71 K, Pp=6.89476E106 Pa, | Cy |5.97958E-01] 5.974041-01 | 5.972578-01 | 5.97 185-01 5.97125E-O1 | 5.97099E-O1 | 5.97080E-01 
M4168 ieeit?, #2 13650E-05Pe-s, | gy, | 1-7L485E-01| 5.138828-01] 8.55922E-01} 1.19744E-+00) 1.70832E+00) 2.04769E+00| 2.38584E+00 
3622, p< 0.70817 Ket? G, | 2.4245202-61) 7.256470-01 | 1.208648+00) {.690908+00) 2.41231 B00) 2.89 1528400) 3.30003E400: 
¥ | 9.99976H-01) 9.99780E-01| 9.99389E-01 | 9.98802E-01 | 9.97554E-01 | 9.96478E-O1 | 9.95206E-01 

Icb [2 2 2 2 2 2 2 
3333.15 K, Py = (37895R+07 Pa, | C, /5.97878E-01) §.97366E-01 5.97230H-01| 5.971648-01 | 5.97108E_O1 | 5.97084E-01 |5.97066E-01 
Ht p= 520.04 kelin’, t= 4.1750E-05 Pas, | gy | 5.88250E-01 | 1.763266+00] 2.93809E+00} 4.1 |286+00] 5.87496E+00] 7.04967E-+00] 8.22437E-+00 
l" “0, p= 186181 kal? Q, | 3,16041E-01| 9.47320E-01 1,57850E+-00| 2.20966E+00] 3.156362+00] 3.78748E+00] 4.41859E+00 
| ¥ | 1,000008+00} 1.000008+00] 1,00000E+00] 1.000008+00| 1.00000E+00} 1.00000E+00) 1.00000E+00 

icp [2 2 2 2 2 2 


| HE 1.3622, p,= 0.70817 ke/m? om 
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14 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


} 


Tadle 4-C-6—Selacted Round Robin Teast Results Matrix—St Units 


(Dm = 0.363513 m, og = 0.00001116 minK, Gp) = 0.072628 m, a, = 0.00001665 minK) 
Cell a 
Value | 5595 5035.6 (3987.7 27415, ss950.8 | 2056.1 | 109663.5 
(.01325E+05 Pa, Cy 114178268400 9.17031E-01 | 8.35608E-01| 7.925461-01 | 7.54610B-O1 | 7.37907B-01 | 7.25060E-Ot 
Puy 932.26 kim’, J2= 1,8650 Pars, Gy | 4.98335E400] 1.16356E+01| 1,76708E+01| 2.34642E+0 | 3.£9158F+01| 3,74513E40i | 4.29325B+0t 
k=O, p,= 910.83 kgfm* Q, | 5.47122E~-03| 1.27748E-02) 1.94008E-02) 2.576 I4E-02| 3,50404E-02] 4.11 177E-02| 4.7135513-02 
¥ 1.00000E+00! 1.000006+00) [.60000E+00) 1O0060E+60! LOONGOE+00) | .0NNN0E+00) 1.00600F+00 
4 4 |-4 _|-4 4 3 
1, 01325645 Pa, 7.6883 1-01 | 6. 835231-01| 6,591 73B-01 | 6.46865E-01 OE-O. 


25 io ! 
1377148401 @ 
3,52695E-03 | 9. 1.51196R-02| 2.077235-02| 2.91940B-02| 3.47852E-02! 4.03637E-02 
1.00000E400| 1.00000E-00] 1.00000E+-00] 100000E+-00| 1.011000E+.00| 1.000000) 1.00000E+00 
4 3 -3 3 33 3 3 
6.32128E-01 | 6.13732E-01 | 6.08682-01] 6.06089E-01| 6.04117E-01 | 6.03284E-01 | 6.02656E-01 
2.58880E+001 7.54047E+001 1.24660F+011 1.737538+011 2.47411 8401! 2.96483 F408 | 3.455937R401 
2.84225B-03| 8.27868E-03 | 1.368428-02| 1.90763E-02| 2.71632B-02| 3,25509E-02 | 3.79365E-02 
1,000008+00] 1.000002+00] 1.0000012+00] 1.000008+00] 1.00000E+C0] |.00000E+00} 1.00000E00] 
icp |-3 3 2 2 2 2 2 : 
Ty = 288.71 K, Py = 1.01325E+05 Pa, | CG, | 6.022461-01|5.994928-01 | 5.98771E-01| 5.984 7-01] 5.98121B-01 | 5,97995E-01 | 5.9790iE-01 
Gn | 2.63970L+00| 7.88295E+00| 1.312248+01} 1,83605E+01| 2.62163E401] 3.14530E401 | 3,66893E+01 
2. 2.6423 1-03 | 7.89076B-03} 1.31354E-02| 1,83787E-02| 2.62423E-02| 3.14841 E-02} 3.67257E-02 
¥ | 1.000008+00] 1.00000E+00) 1,00000E+00} 1.00000E-00) 1.00000E+00] 1.00000L-+09] 1.00000B+00 
i Icb |2 2 2 2 2 2 2 _| 
Ty = 372.04 K, P= 1013258005 Pa, |G | 5.99014E-91|5.97977E-01[5.97704E-01| 5.97570E-01| 5.97458E-01 | $.97410E-01 | 5.973748-01 
dy |?.55826F400] 7.65557E+00] 1.27544i2404 1 7850RE+01] 2 54o6312+01| 3.08032e+01 | 3.56890E40L 


Ty = 353.15 K, Pp= 1.01325E405 Pa, 
68.43 ke/m’, 1.7490E-02 Pa-s, 
0, p= 910.83 kgm? 


“10, p= 59901 kgény? 


\k Qe 725. 03) 7.663 1SB-03) 1.27661H-02) 1.7868SE-02) 2, ISE-02 | 3, 
a 1,00000E+00) L. (00000100 1,00000E+00] 1.00000E+00} 1. ‘00000200 d ‘00000209! L "900008400 
me Icp ]2 2 2 2 3 2 
Ty = 255.37 K Pye = 101325105 Pa, Ga 5.98984E)1 | 5.9797UE-01) 5. 2E-Ot} 5.97592K-01 | 5.97505H-01 | 5.97479H-OL | 5.97471 B-U1 
Prp = HEE kefm?, H= 1,3070B-05 Pa-s, | dy, 1,20546E-01 | 3.56061B-01 | 5.76618E-C1 | 7.72337E-01 | 9,97652E-01 | 1.087898+00; 1.11856E+00 
|&= 1.3198, p,=1 86131 kp} Q, | 6,47642L-02| 1.91296C-01| 3,.097918-01 | 4.14943B-01 | 5.35995E-01 | $.84473B-01 | 6.00953E-01 
Y | 9.98282E-041 | 9.84540B-01 | 9.57057B-0 | 9.15831E-01 | 8.28227B-01 | 7.52647B-01 | 6.63325E-01 ae 
ICD [2 2 2 2 2 2 
315K, Peo 76B+05 Pa, c, 1§,983048-0f 1! 5.97440) 3 4B.O1/ 5.073148 O01! $.072¢5R 1! $.0726an OF 


476E105 Pa, G; = |S5.08304R-Of 


1.0670E-05 Pa-s, | 2, | 1-8S131E-01/ 5 


9831 Kglin’, 2 9.180447 61| 1.278741400| 1.80350E1.00| 2.14022K100| 2.46392E1 00 


3622, 1p, = 0.10817 kg/m? Q, | 2.61422E-01) 7.81874E-01) 1.29763E+00) 1.805708400) 2.54670E+00| 3.02218E+00| 3.47927E+00 
Y 9.99755E-01 | 9.97799E)1 | 9.9358GR-O1 | 9.88016E-Gi | 9,75542E-Oi | 9.64781E-01 | 9,520626-01 
ICD [2 2 2 2 2 2 2 


Ty = 155.37 K, Pp =6.890476R+06 Pa, | G, | 5.983046 01| 5.976428 01/5.974676 O1| 5.973818 Ot 5.97309E O1/ 5.97278 01|5.97255E 01 
042,35 ke/m’ yi = 1,5430E-04 Pa-s,| ¢,, |2.67572E+00] 8.018365+00] 1.33600H+C1] 1.87013E+01| 2.67129E+01 | 3.20538E+01 | 3,73947E+01 


=-10, p,= 1,86131 kg/m? Q) | 14375500) 4.307912+00) 7.17774E+00) 1.00474E+01| 1.43517E+01) 1.72211E+01) 2.00905E+01 
¥ 1,000008+00; 1.090002+00) 1.000Q0E+00! 1.00000R400] 1.000008+00] 1.00000E+00} 1.00000E+00! 
Icp |2 2 2 2 2 2 2 


Tere e tO Pa, G_|5.97824E-01 | 5.97416E-01 | 5.97308E-01 | 5.97254E-O1 | 5.97210E-01 | 5.97191B-01 | 5.97177E-01 


¥ 4i4agar_otl 1 dtoegrsool 296191700! 3.29596H.00! 4.676295+00! 5580448400! 646683400. 
dus PAO B AOL) ALSSEE LOO) 2.36 121E00) 3.29536400) 4.67682E+00) 5,580448+00) 6.46683E+00 


Q, | 2.54705B-01) 7.62827E-01) 1,26858E+00] 1.77045E+00] 2.5 1265E+00) 2.998 12E+00] 3.47435E+00 
¥ — |9.99874E 01] 9.98864E-01 | 9.96845E-01| 9.93815E-Ol | 9.87378E-01 | 9.81825E-01 | 9,75261E-01 


7 = 255.37 K Pr 


ich |2 2 Zz 2 2 Zz 2 
Ty = 283.15 K, Py = 3.44738E+06 Pa, C; = | 5.97786E-01| 5.97397E-01 | 5.97295#-01 | 5.97244H-01 | 3.97201 B-01 | 5.971 83E-01 | 5.971 70E-01 
Pay = 26,627 git, = 1,1310E-05 Pa-s, | ¢,, | 4.27661E-01| 1.28166E+00| 2,13405E+00/ 2.98391E +00] 4.25177E+00| 5.09093E+00| 5,92407E+0) 
= 13622, Py = 0.70817 kgfm’ Q, | G.03896E-01) 1.80982E+00} 3.01343E+00) 4.21355E+00] 6.00388E+00] 7, 18886E+-00] 8.36532E+00 
Y¥ | 9,99951E-O!| 9,99560E-01 | 9.98777E-01 | 9.97603E-01 | 9.95108E-01 | 9.92956E-01 | 9.90412E-01 

wcn 1? 2 ? a) 9 eo] 2 


Ty = 338.71 K, Py = 6.89476E+06 Pa, C; | 5.97755E-01) 5.97383E-01 | 5.97284B_01 | 5,97236E-01 | 5.97195F-01 | 5.97178E-01 | 5.97165B-01 
44, L168 kyl, 13650B4I5 Pars, | dy | 5.51803E-01 | 1.65407E+00) 2.75525E+00) 3.85477E+00) 5.49956B+00] 6.59215E+00] 7.68086E+-00 
kgi OG, | 7.791 96L-01 | 2.33570E+00) 3.89066E400 | 5.44328E400) 7.7658 7E+00) 9,30872E+00) 1.08461B+0i 
Y | 9.9997GE-01) 9.99780E-01 | 9.99389E-01 | 9.98802E-01 | 9.975541-01 | 9.96478E-01| 9.95206E-01 
ICD |2 2 2 2 2 2 2 


Tp = 333.15 K, Py = 1.37805E407 Pa, G__|397701E-01| 5.97337E_01 | $,972668-O1 | 5,97221E-01} 5.97183E-01 | 5.97167E-01| 5.97155E-01 


PB, = 520.04 kg/m’, he. 1708-05 Pas, | Qy | 1892958200] 5.67565E+00) 9.45795E+00) 1324016401) 1.89133E+01) 2.26953E+01] 2.64773E+01 
k=-1,0, p, = 1.86131 kent QO, | 1.01700E+00/ 3.04928E+00! 5.08 134E+00! 7.1 1334B+00] 1.016196+01! 1.21992R+01! 1.42251R+01 
¥ 1.00000E+00) 1.00000E+-00) £.000008+00) 1.00000K-+00} 1.00000B+00] t. CO000E+00) 1.00000F+00) 
IcD |2 2 2 2 2 2 2 & 
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API MPNS#14.3.4 42 MM 02732250 OSORNO) 577 mm 


SECTION 8--CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 116 
Table 4-C-6—Selected Round Robin Test Results Matrix—S| Units 
(Dy = 0.746150 m, a = 0.00001116 mim-K, dy = 0.149225 m, oy = 0. 00001665 mvm-K) 
Celt Fa, 
Flow Conditions Value [559.5 5035.6 13987.7 27415, 55950.8 0569.1 ] 109663.5 
Tr = 255.37 K, Pr = 1.01325E405 Po, G, | 9.91421B-01] 8.67596E-01 | 7.51815R-01 | 7:227730-01| 6.975 168-01 | 6.86507E-01| 6.78001 EOI 
32.26 kel’, t= 1.8650 Pas, Gq | 1770176401 | 4.325908+01 | 6.71183E401 | 9.03359E+01] 1.245428+02| 1.47001 F402] 1695038402 
k= 1.0, 95 = 910.83 kg/m? Q, | 1.943478-02| 4.74941E-02| 7,36892E-02 | 9.91797E-02| 1.36734B-01] 1.61491E-01 | 1.86097F OT 
Y | 1.000008-400] 1.000008+00] 1.00000800) 1.0000013+00| 1.00000E+00! 1.00000E+00| {.09000B+00 
4 3 3 3 3 
Ty = 293,15 K, F Py, = LOI325T405 Pa 6,279698-01] 6.214C0B-01| 6.18585E-01| 6.16449E-O1 
Pry =907.00 2 1] 7.75394 101 2402) 1.3093RF03) (.52934E402| 
K-10, p,= 910.83 ke/m? , | 1,36909E-02| 3.78353E-02] 6,15585E-02 | 8.51305B-02 143757R0| 1.67197R-O1 
¥ | 1,00000E+00] 1.00000E+00] 1.00000E+00! 1.00000E+00| 1.00000B+00} 1.00000E+00] 1.00000B+00| 
ICD |-3 3 =3 3 3 3 3 
53.15 K, Pr = 1.0 1325H405 Pa, G | 6.18734E-01/ 6.07105E-01 | 6.040848-01 | 6.02653R-01 6 01458E-01) 6.009518-11| €.005708_O1 
68.43 kem?, (e= 1.7490E-02 Pas, | ¢,, | 1.06973F+01] 3.14291F-401 | 5299056401 | 7.293 10: 02 
0, p= 910.83 kpfm? O, | 1.17446F-02| 345718802 | 5.733257-02 | 8.00758E-02 reritat 1.59598E-O1 
Y | 1.00000E400] 1.00000B+00} 1.00000E+00] 1.00000E+00] 1.00000E+00| 1.000008+00] 1.c0000E+00 
tep | 3 2 2 2 2 2 2 
“= 1.01325E405 Pe, | 6.00321E-01 | 5.986472-01 | 5.98208H-01 | 5.97992E-01| 5.978 128-01] 5.97736B-0t | 5.97678FOF 
1,19908-03 Pa-s, | @,, | 1-11081E+01] 3.2231 75401 | 5.53454E+01 | 7.74556E401| 1.10618E+02| 1.327248+02| 1.54R30K+02| 
im? Q, | 1.ILL9LE-02) 3.326468-02} 5.54002E-02 7:75324E-02] 1.10727E-01) 1.32855E-01 | 1.54983E-Ol 
Y | 1.00000E300] 1.000008+00} 1,00000E+00] 1.00000E+00] 1.00000E+00] 1.000602+00} 1.00000E+00 
‘ Icp |2 2 #2042) _|2 2 2 2 
Fr = 372.04 K, Py = 1.01325E405 Pe, G_ | 5:98357E-01 | 5.97725E-01 | 5.975586-01 | $.97476E-01 | 5.97407E-01| 5.97378E-01| 5.97355R-O1 
3 R250F—04 Pa-s, | a... 1.07796E01 | 3.2305 1B401 | 5.38966E401| 7.53469B101) 1.07626E4.02] 1.20145R102| 1.50663B+02| 
im Q N3H-0213.233718 02! 5 aegoet 02! 7542162021 1.07733E-O1| 1292731301 | L.SO813E-OF 
¥ 1.000000} 1.0000013+00] 1.00000E+00| 1.000C0E+00] 1.0¢0002+00] 1.00000E+00 
Icb |2 2 2 2 2 2 2 
1.013251405 Pa, Cy | 9.9833RE-D1 | 5.97720E-01 | 59756201 | 5.97489B-01 | 5.974351 | 5.974198 01 | 3.97414E OF 
1,3070B-D5 Pa-s, |g, | 5.08348E-01 | 1.502518+00| 2.43364B+00) 3.25993E+00] 4.211 19H+00] 4.59215R400] 4.72 £65E+00| 
= 13198, py = 1.86131 kpAr 2,73113E-01 | 8.07235E-01 | 1307498100 1,75142E+00| 2.26249E+00| 2.467168+00| 2.53673E+00 
9.98282E-01 | 9.84540B-01 | 9.5756BO1 | 9.15831B-01| 8.28226E-61| 7.52645E-01 | 6.63323E-0L 
2 2 2 2 2 2 
5.97924E-01 | 5.975208-011 S.97414m 011 5.973618-01] 5.973 182-01] s.97300E-1 | 5: 
Pip 4.9831 7,81053E-01 | 2.23701E +00} 3.87905E+00| 5:39812E+00] 7,61369E+00] 9.035368+00 
£= 13622, p, 1,10292K-+00| 3.30008E400} 5.47756E+00| 7.62263F-+00] 1.07512E+01| 1.27587B401 
¥" | 9.99755E-01 | 9.97799B-01 | 9.93885E-01 | 9.880165-01 | 9.75542B-01 | 9.64780E-01] 9.520625-01 
Icb |2 2 2 2 2 2 2 
vee 255.37 K, Py — 6.89476E+06 Pa, G | S.97924E 01[5.975198 01| 5.974128-01 | $.97359E-01| 5.973 15E-01| 5.97296E-01 | 5.972R2n—01 
042.35 ke/m’, jt 1.5430E-04Pa-s,} ¢,, | 1-12886E401| 328433540 | 5.639521+01] 7.89464H+01] 1,12772E+02) (353228409) | 578728402 
Pen, y= 1.86131 kg/m! Q, | 6.06488E+00] 1.81825E+01| 3.029878+01| 4.24144B+011 6.05875E+01| 7.27027E+01| 8.481 78E+01 
1,00000E+00] 1.60000E+00} 1.00000E+00] 1.00000#001 1.000005+00! 1-o0000R.60] _o0N00R-+.00! 
Tcp [2 2 2 2 2 2 2 
| $.97631E-01| 5.97380E-01 | 5.97314E-01 | 5.9728 16-01] 5.97254E-01| 5.97242B-01 | 5.97233E-0t 
Gm | 2-Q0074E+00) 5093710400) 9.96818E+00) 1391238401] 1974518401] 235603401 | 2.73029E10r 
Q, | 1,07491E+00] 3.220161+00] 5.35547E+00| 7.474468+00] 1,06081E+01) 1.26579E401] | 46686E+0t 
¥ | 9.99874B-01 | 9.98864E-01 | 9.96845E-01 | 9.93815E-01| 9.87378E-01| 9.818246-01 | 9.75261E-01 
icD [2 2 z 2 2 2 2 
€, | 5.97608E-01] 5.973690-01 | 5.973068-01 | 5.97275E-01| 5.97248E-01 | §.97237B-01 | 5.97229R-01 
6.627 kefin?, fe = 1.1310E-05 Pu-s, | gu | 1.80487E400] 5.41040E-+00] 9.00929E+00! 1.25975R+011 1.79507E+01| 2.14938R+01] 2.501 13R40 
13622, p,=0:70817 kein? Q, | 2.54864E+00] 7.639976+00| 1.272198+01] 1.778882+01| 2534795401) 3035128401] 3.53185E401 
¥ | 2:99951E-01 |9.595606-01 | 9.987778-01 | 9 97603E-01} 9.95108E-01 | 9.929568-01} 9.904123-01 
Ten 19 2 2 
_ 2 Nee 12 12 
Ty = 338,71 K, Py = 6.89476E206 Pe, Gj; | 597589601) 597361E-0i | 5973008-011 597270E-01| 597945E-01| 597348 O11 5 9726E OL 
.3650E-05 Pass, | 4p, | 2.32884E400] 6.982560] 1.16318E+01 | 1.627428+01| 2.321885+01| 2.783208+01 3.24288E40L 
= 43622, p, = 0-70817 kgm! Q, | 3.288337400) 9.860018+00) 1.642526401) 229806101} 3.27871 101) 4.93013E4U1} 4.57924E401 
9.99976E-01 | 9.997808-01 | 9.99389E-I | 9.98802H-01 9.97554E-01 | 9.96478E-01 | 9.952068-01 
Icp |2 2 2 2 __|2 2 2 
Ty = 333.15 K, Py = 137895407 Pe, G | $.97536E-01 | 5.97345E-01 | 5.97289R-01 | 5.972616-01| 5.972378-01 | 5.972276-01] 5.97220E-01 
20.04 kofm?, f= 4.1710E-05 Pa-s, | g,, | 7989341400] 2.29598B401 | 3.99291F+01 | 5.58982R+01] 7.985 14E+01| 9.58200B+01| 1.11789E+02| 
0, 4 = 1.86131 kg/m Q, | 4.29232B100! 1.28725E401! 2.14527F401! 3,003 168 +01 4.29006E+01 5.1470064011 6.00591 5401 
¥' | 1,00000800] 1.00000E-+00| 1.0000084-00| 1,00000E+00] 1.000¢0B+00| 100000200] 1.000008 1.00 
icp |2 2 2 2 2 2 2 
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CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


lable 4-C-6—Selected Round Hobin Test Results Matrix—Sl Units 
i 


4 a000444a 


an fen UY 


01665 m/m—K) 


(Dy, = 0.049262 m, a = 5.00001116 m/m—K, dy, = 0.020042 m, oa = 6.000 
Cell Pa : | 
Flow Conditions Value | 559,53 5035.6 13987.7 27415, 55930.8 80569.1 109663.5 
tae K, Py = 1.01325E+05 Pa, G,  |2.28720E+00] 1.58276E+00] 1,35635B+00} 1.23382E-400} 1. 123457400] 1.0739 1E+00] 1.03533B+00 
rnp = 932.26 kim’, 4 = 1,8650 Pas, Gn |740344E-01) 1.54944F+00] 2.21300E+00] 2.8183 1E4+00] 3.6660 1E+00{ 4.20523E+00| 4.72983E+00 
ke 00, Pp = 910.83 ke/m? Q, | 8.194118-04] 1.701 13-03] 2.42966B-03 | 3.09422E-03] 4.0249 1E-03 | 4.61692E-03 | 5, [9287B-03 
1,00000E+00| 1.00000E+00/ 1.00000E+09] 1.00000E+00] 1.000008+00] 1.000008+00] 1,00000E+00! 
IcD |-6 -5 <5 5 4 -4 4 
Ty = 203,15 K, Py = 1.01325E405 Pa, , | 1.16527E+00| 9.06957E-O1 | 8.28083E-O1 | 7.86823E-01 | 7.50763E-01 | 7.34967E-01 | 7.22844E-01 
2 Gu | 2 7S6S9E-O1} 8.77 1698-01 | 1394796100) 1.77S60E+0G) 2.420328 00) 2.8432 72400) 3.26243400 
Q, | 4.12436B-04] 9.63033E-04] 1.46547E-03] 1.94943E-03| 2.65727E-03 | 312163203] 3.58182B-03 
1.00000E+00] 1.00000E+00] 1.00000E+69] 1.G0000E+00] 1.c0000E+N0] 1.00000E+00] 1.00000E+80) 
icD |4 4 -4 4 3 3 3 
Gi | 7.33864E-01} 6,68419E-01 | 6.48324B-01 | 6.37253E-01 | 6.26545E-01 | 6.21233E-01 | 6.19144E-01 
2 = 1,74908-02 Pa-s. | gy | 2.32320E-01| 6.33631E-01 | 1.02430E-400| 1,40953E400] 1,97978B+-00] 2,35559E+00| 2.73895E+00! 
~1.0, 2, = 910.83 kgf? J, | 2.59283E-04| 6.95663E-04) 1.12458E-03] 1.54792E-03| 2.17360E-03 | 2.5862 1-03] 3.00709E-03 | 
i L.OODOOE+00) 1.0000E+00) 1.00000E+00) 1.00000E+00) 1,00000E+-00) 1.00000F+00] 1.000C0E+00} 
Icb |3 -3 3 3 3 -3 a 
Tp = 288.01 K, Bp = 1013258405 Pa, Cy | 6.178498-01] 6.09174E-01 | 6.06871 E-01 | 6.05725R-01 | 6.04753B-01 | 6.04334B-01 | 6.04016E-01 
Pin = 999.01 kg/m’, 1 = 1.19908-03 Pars, | g,, | 2.08940E-01 | 6,1802512-01 | 1,026151+00) 1.43389L+00] 2,045 1318+00| 2.45245E+00| 2839698400] 
k=-10, py = 599.01 kyim* G, | 209id7e-04 E04 1,097168-03 | 1.4353 1E-03 | 2.04715803 | 2.4548815-03 | 286752803 
1,00000E--00] 1,00000E+00} 1.00000E+00) 1.00000E-+00} 1.00000E+00] t.00000E+00] 1.000003+00 
_ Icb |3 2 j2 2 2 2 2 
01325B405 Pu, G, | 6.07653E-01| 6.04271E-01 | 6.03340E-01 | 6.02867E-01 | 6.02460B-01 | 6.02282B-01 | 6.02 46E-01 | 
.8250E-04 Pas, | g,, | 2.00075E-01] 5.96891E-01 1.38951E+00] 1.98367E+-00] 2.37970B+00| 2:77568E+00) 
cafnd Q, |2.00273E-04! 5.97 0 13 1,98563E-03 | 2,38205E-03| 2,77844B-03 
"| 1.000008+09} 1-o0000e+09| 1-o0000e+00] 1-00000E:+00) 1:00000E%-00] 1 00000800] 1000008400 
IcD |2 2 2 2 2 2 2 
101325405 Pa, Cy | 6.075395E-01 | 6.0425 1E-01 | 6.03369R-0i | 6.02549E-01 | 6.020391-01 | 6.023462 1 | 6.02521 E01 
= 1.3070E-05 Pa-s, | g,, | 9.433298-03] 2.77503E-02| 4.46649E-02 | 6.00012E-02 | 7.72798E-02 | 8.40345E-021 8.60592E-02 | 
31 kg/m? ,, | 5.06809H-03] 1.49090B~02 | 2.41039B-02 | 3.22360B-02 | 4. 15190B-02| 4.51481E-02} 4.62358E02 
¥ 9,98245B-01 | 9.84201 B-O1 | 9.56113E-O1 | 9.13981E-01 | 8.24451E-01|7.47210B-01 | 6.55925E-01 a | 
2 2 2 2 2 2 
£76E-+05 Pa, OL! 6.03127F-01 | 6.02504F-01 | 6.02187E-01 | 6.01915R-01! 6.01798E-01! 6.017108-01 
y 10831 Kee = 1.0670E-05 Pa-s, | g,, | 1.44520B-02| 4.31 101E-02| 7.14880E-02| 9.94267E-02| 1.40142E-01} 1.66241B-01| 1.91305E-01 
k= 13622, p, = 0.70817 ke/m? Q, | 2.040751-02] 6.08753#-02| 1.009485-01 | 1.40400B-01 | 1.97893E-01) 2.34747E-01| 2.70 140E0L 
¥ | 9.99750E-01 | 9,97750E-01 | 9.93751E-0! | 9,87752101 | 9.75004E-01 | 9.64006E-01 | 9.51008E-01 
Ic |2 2 2 2 2 2 2 
pair 37K, Py = 6 RO476E406 Pa, G, | 6.05357B-01 | 6.031238-01 | 6.02496E-01 | 6.02175E-01 | 6.01896E_01 | 6.01774B-01| 6.01680E—01 
1042.35 ke/m), t= 15430B204 Pa-s,| gy, | 2,08875F01 | 6.24318F-01 | 103945800] 1.454457+00] 2.07682B+00] 2.491 68E+00} 2.90650E+00| 
panes 0, = 1.86131 kedin? Q, | 1.£2219E-O1| 3,35418B-O1 | 5,58448B-01 | 7.8141 1E-01| 1.11578E+00) 1.33867E+00] 1.56154E+00 a 
¥ | 1,00000E+00} 1.000008+00 ocooon+00 1.00000E+00] 1.000008+00] 1.09000E+00/ 1.00000E+00 
IcD |2 2 2 2 2 2 
Ty = 285, 37 K as 1.37895E4105 Pa, | Cy | 6.037565-01) 6.02305B-01 cE 6.01677E-01 | 6.0149 1E-01 | 6.01410E-01 | 6.01348E-01 i 
FJ 1.35208 OS Pas, | gy | 3-69400H-02) 1.10441H OF) L8SSGIE 01 | 2.56096 OL) 3.633 178-O1) 4.334158 G1 | 3.021438 OF 
1.3198, Py = 1.86131 kg/m? Q, | 1,98462E-02] 5,93349E-02 9,86190E-02 1,37589E-01 | 1.95194E-Ot | 2,.32855E-01 | 2.69779B-01 a 
¥ | 9.99871B-01 | 9.98839B-01 | 9.96775E-0) | 9.93679E-01 | 9.87101E-01 } 9.81425B-O1 | 9,74717B-O1 
icp i2 2 2 2 2 2 2 
Ty = 283.15 K, Pr = 3447385400 Pa, CG) | 6.03624E-01] 6.02236-01 | 6.01838E-07 | 6.01633E-01| 6.01433E-01| 6.01373E-O1 | 6.01312E-01 a 
Phy = 26,627 kei’, = 1,J3108-05 Pa-s, | gy | 3.33180E-02| 9.96853 02] 1.65899E-01| 231900801 | 3.30341E-01 | 3.95480E-01 | 4.60139E-01 
k= 1,3622, pp= 0.30817 kgim* Q, | 4.70480E-02) |.40765E-01 | 2.34265E-01 | 3.2746418-01 | 4.6647 1-01 | 5.58454E-01 | 6.49758E-01 a 
¥ | 9.99950E-01 | 9.99S50E-01 | 9.98750E-01 | 9.97550E-01 | 9.9500tE-01 | 9.92801 2-01 | 9.90202E-01 
1c 2 2 2 2 2 2 2 
Tf = 338.71 K, Pr = 6.894 76E+06 Pa, CG, | 6.03515E-01 | 6.021804-01 | 6.017964-01 | 6.01597E-0t | 6.01423E-01 | 6.01346H-01 | 6.01287E-01 
Prp = 44.168 kg/m, w= 1.3650E-05 Pa-s, | g,, | 4.29848E-02) 1.28645E-01 | 2. 14185E-01 | 2.99580L-01 | 4.27301L-08 | 5.12130E-01] 5.96647E-01 
& = 13622, p, = 6.70817 kpim? O, | 6.06984E-02) 1.81658E-O1 i] 4.23034H-0i | 6.03388E-01 | 7.23174B-O1) 8.42519E-0i 
¥ _ | 9.99975E-01 | 9.99775E-O1 999575501 Bee 9,97500B-01 | 9.96400E-01] 9.95 101E-O1 
Icp |2 2 2 2 2 
Ty = 333.15 K, Pp =1.37895E407 Pa, | G, | 6.03329B-01 6.020820-01 AEE One 6.01372E-01 | 6.01299E-01 | 6.01243E-01 
. = 4,1710E-05 Pes, | gy, | 1.47426E-O1) 4.41370B-01 | 7.35175E-01 | 1.028936+00) 1.4694913+-00] 1.763181:+00} 2.05685E+00 
686131 kg/m} 0, |7,920871-02| 23712910 | 3.949776-01 | 5.527961-01 | 7.89494E-01 | 9.47278E-01 | 1.1050SE+00! 
¥ | 1,000008+00] 1,00000E+00/ 1.000008+00] 1.00000B+00) 1.00000H+00] [,00000E+00} 1.00000E+00| 
icv [2 2 2 2 2 2 in 
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SECTION 8—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 117 
Table 4-C-6—Selected Round Robin Test Results Matrix—SI Units 
(By, = 0.073670 m, a = 0.00001116 m/m-K, di, = 0.029964 m, a= 0.00001665 m/m-—K) 
[ Cell Pa 
Flow Conditions Yeles,| 559.5 5035.6 13987.7 27415, 55950.8 | 80569.1 109663.5 
T,= 235.37 K, Pr= 1.01325B+05 Pa, G, |1.98200E 00) 1. 39697H-00| ¥.208905+00] 1.10787E+00) L.01726R+00 | 9.76749R-m | 8.a5970R_D1 
Ppp = 932.26 kph 1.8650 Pees, Gy | 1.44626E+00} 3.055442+00| 4.40871 8400) 5.65¢37R+N0] 7.41964F.400/ 8 54897E+00] 9.652420 
&=-1.0, 0,5 910.83 kp/ea’ Q, | 1,58785E-03] 3.35456E-03] 4.84032E-03] 6.21013B-03) 8.14602F-03 | 9.38591E-03| 1.059745-02 
¥ | 1.000008+00] 1.090002+00] 1,000008+00} 1.00C00B+00) 1.060008+00! 1.00000B100] 1.00000Fs.00 
3 4 A 4 4 
Tp= 293.15 K, Pr= 1.01325E405 Pa, 7.779672-01 | 7.45120B-01| 7.16547B-01 | 7.04057E-01 | 6.94472E-01 
907.60 kgii f= 21220801 Fas, 0] 2.80293 E00) 3.7584 1 Ri 276400) 6.08792E+00] 7.00588E+00 
0, fs = 910.83 kpfm? O, | 8.31896E-04} 1.99656E-03] 3.07733E-03| 4.12636F-03 | 5.46875F-03 | 6.62397R-N3 | 7 601 76D 
Y | 1.00000E+00] 1.00000E+¢0} 1.00000E+00] L.00CO0E+N0| 1.00000E+00] 1.00000E+00] 1.c0000E+00 
McD [4 4 4 3 3 3 3 
353,15 K, Pr= 1013256405 Pa, Cz | 7.047698-01 | 6.509831=-01 | 6.340508-01/ 6.24074K-01 | 6.17209R-O1 | 6.15227B-O1 6.13737B-01 
68.43 kent. w= 17400R-02 Pas, |g, | 49779001 2.23008E+00l 3.98sa9n+00 5.2142681001 6. 
0, = 910.83 kpAmn? @, -| 5.464901-04] 1.51436H-03 | 2.458288-03| 3.38745H_03| 4.78597R.03| 5.72473E 03 66026703 
¥___ | 1.00000H+00) 1.000080} 1.00000E+00] 1.000008+00} 1.00000E+00} [.00000E+00] 1.ond0nF+00. 
Icp 3 3 3 3 Fi 5 
icp | 3 BS 3 io 3 3 ps i 
Tp2 288.71 K, Pr 1.01325B+05 Pa, C, | 6.12758E-01| 6.05179E-01] 6.04415E-01] 6.03532E-01 | 6.02779E-01 | 6.02454E-01 | 6.02206E-01 
9 Ot kg/m’, «= 1.1990E-03 Pe-s, | @,, | 4.63168E-01 | 1.374602+00| 2.28433B+00| 3.19338E400] 4.55629E-4010| §.46459E400] 6 37273E+00 
2 Q, | 4.63627E-04] 1.37596E-03 | 2.28659E-03 | 3.19655E-03 | 4.56080E-03! 5.47001E-03 | 6.3790515-03 
Y | L.000008+00} 1.09000H+00) 1.00000E+00) 1.00000E+00) 1.00000E+00} 1.00000E+00] 1.000008+00 
IcD |2 2 2 2 2 2 2 
Tp= 372.04 K, as 1.01325E+05 Pa, | 6.0S019E-01 | 6.02409H-01 | 6.01682E-01] 6.01310E-01 6.00989E-01 | 6.00848E-01 | 6.00740E-0! 
41.75 kaim?, 1 = 2.8250R(4 Pa-s, | g,, | 4.45264E-O1| 133004200] 2.2140SE+00] 3.007761400| 4.12201E+00] 5,30636E+00) 6.12964E.00| 
2, 05-04 | 1.3313GH-03) 2.21625E-03) 3.10083E-03 | 4.427391-03 | 5.31162B-03 | 6. 19578R03 
¥' | 1.00000E+09] 1.000000] 1.00000E+00| 1.00000E+00| 1.00000E+00] 1.00000E+00| 1.00000E+00 
Icp |2 2 2 2 2 2 2 
= 1,01325H+05 Pa. Cy | 6.04938H-01 | 6.02388E-01 | 6.01699E-01 | 6.01370E-01 | 6.01125F_O1 | 6.01052E-01 | 6.01032B_01 
i fm? a = 13070B-05 Pa-s, | gy | 2.09942E-02) 6.18353E-02] 1.00003E-OL] 1.33762E-01 | 1.72301H-01 | 1.87367R-01 | 1.91884B-01 
3198, p= 1.86131 gin? Q, | 1,12793H-02| 3.322 14E-02| 5.37273E-02| 7.18644E-02| 9.25695E-02| 1.00664E-01 | 1.03091E-91 
¥ — (9.982456-01 | 9.842018-01 | 9.56114E-01 | 9.13983E-01 | 8.24456H-O1 | 7.47216E-O | 6.55933E-01 
__[Icp |2 2 2 2 2 2 2 
K, Pr A76E+05 Pa, Gi: 6 OMT4RE- OLS OLSIOR OLIGO 1 CLO IGE! ¢0c7GEE- 01 6 Goss2e OF eGoeser= or) eouEsn-Oi 
9831 kg/m’, 2 = 1.06708-05 Pa-s, | g,, | 3.21900E-02] 9,61002E-02] 1.$9394E-01| 2.21712E-01 | 3.12532E-01 | 3.70750E-01 | 4.26660R-01 
3622, y= 0.70817 kg/m? Q, | 4.54552H-02] 1.35702E-01] 2.25079F01| 3.13078E-O1 | 4.41323B-OL) 5.23532B-O1 | 6.024828 01 
¥ | 9.99750E-01 | 9.97750E-01 | 9.93751E-01 | 9.87752E-01 | 9.75005E-0i | 9.64007E~01 | 9.5 10098-01 
FIcp (2 2 2 2 2 ee oe 
| 7-= 255.37 K, Py — 6.89476B406 Pa, ,  |6.03245E 01] 601506E 01] 6.01012E-01 | 6.00758L-01 | 6.00536L-01 | ¢.0043aT-01 | 6.00363B-01 
042.35 ke/m?, w= 1. 5430E-04 Pa-s,] g,, | 4.65242E-01 | 1.39172H+00| 2.31762E+00| 3.24329K400| 4.63156E409| 5.556961'400] 6.48231E +00] 
1,0, p, = 1,86131 kein} Q, }2.49954E-01 | 7.47708E-01 | 1.24515E+00| 1.74248E400} 2.48833E+00] 2.98551 E+00| 3.48266E+00 
Y | 1.000008-00] 1.000002+00] 1.000098+00] 1.00000E00! 1.00000B400! 1.00000R-+00! 1,c0000B+00! 
IcD 2 2 2 z 2 2 
255.37 K, Py = 1.3789SE+06 Pa, Gy [soar 6.008612-01 | 6.00531E-01| 6.003601 | 6.00210E-0t] 6.00145:-01 | 6.00095R-01 
5 = 13520805 Pas, | gy | 8.232731-02)2.452620-O1 | 4.09363E-01 5.71 1654-01 | 8.10346E_O4 | 9.66719E-Oi | i. 
3198, py = 1.86131 kp/m? a 4.47309%-02| 1323063-01 | 2.199338-01| 3.06862E-01 | 4.353648 Ot 5.19375E-01 | 6.01746E-01 
Y pone S 9.93839E-01 | 9.96775E-01| 9.93680E-01 | 9.871011-01| 9.81426E-01 | 9.74718B-01 
icp | (2 z 2 2 2 2 
Ty= 283.15 K, Py = 3.44738E+06 Pa, Gy SONGHAI 6.00807E-01 | 6.00491 E-01 | 6.00326E-01 | 6.00181B-01 | 6.00117E—O1 | 6.00067E-01 
6.627 ke/m?, t= 1.1310E-05 Pa-s, | ¢ | 7.42587E-021 2.22285-01 | 3.69982B-01| 5.1721 1E-01 | 7.36807R-01 | 8.821 19E-01| L.o2e36He00 
3622, p, = 0.70817 ke/m? G, | 1.04860F-01| 3.13887E-01 | 5.22449R-01 | 7.30349E-01 | 1.040448400] 1.245631:400] 1.24931B+00| 
¥ | 9.99950E-01 9.995508-01 9.98750E-01) 9.97550E-01 | 9.95001E-0{| 9.9280 1E-01| 9.90202E-01 
Tep $2 2 a = 2 
cn 12 2 2 2 2 2 
‘Tp= 338.71 K, Pr = 6.89476E+06 Pa, &_ [6.018178-01 6.007652-01 | 6.00459B-01 | 6.00300E 01 | 6.00160B-01 | 6.00097E_01 | 6.00049E-01 
.168 kg/m = 1.3650B-05 Pa-s, | dy | 9.58081B-02} 2.86867H-01| 4.77676E-01 | 6.68 168E-01 | 9.53084B-01 | 1.14232E+00] 1.33086F+00 
3622, py = 0.70817 kp/m* G, | 1,35290B-0i | 4.09083 01 | 6.745221-UL | 9.435144 | 1345845400] 1613066400] 1.87930E+00 
Y | 9.99975E-01 | 9.99775E-01| 9.99375E-01 | 9.98775E- | 9.97500E-01| 9.96401E-01 | 9.95101B-0i 
IcD |2 2 2 2 2 2 2 
Tp= 333.15 K, Py = 1.37895E407 Pa, Cs | 6.01671E-01 | 6.00687E-(1| 6.00400E-01 | 6.00250E-01 | 6.00118E-01 | 6.00059B-01 | 6.00013F-01 
Bip = 52004 kylm?, p= 4.17106-05 Pa-s, | gy |3.28618B-0i | 9.842518-01 | 1.63963E+.00] 2-2949112400| 3.27772E+00| 3.938720] 4 38800100 
k=~10, y= 1.86131 kgim? Q, | 1.76552R-01] 5.28795E-01! 8.809018-01! 123295400! 1.76097E 209! 2.1 1206800! 2 464938 :08! 
Y | 1.00060E+00) £.000001+00] 1.000008+00] [.00000H+00] 1.00000E +00] 1.00000E+00] 1,00000E+00} 
IcD |2 2 2 2 2 2 2 
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CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-6—Selected Hound Hobin jest Hesults Matrix—sI Units 


(Dj, = 0.102270 m, a = 0,00001116 minK, d,,= 0.041672 m, c = 0.00001685 m/m-K) 
Cell Pa shore iS, oso 
Flow Conditions Nalue 559,5 5035.6 13987.7 27415. 55950.8 80569.1 109663.5 
T)= 255.37 K, Pr = 1.01325E+05 Pa, GC, | 1.77644E+00 1270918400] 1.110276+00] 1.024068+00| 9.47065E-01 | 9.127665-01 | 8.86 185K 
Pry = 932.26 kel’, = 1.8650 Pa-s, Gy — | 2.50628E+00) 5.37924E+00] 7.832 14E+00) 1.0(136B+01] 1.33617E+01 | .54534E+01| 1.75039E+0! 
k=-1,0, p= 910.83 kein! O, | 2.75165E-03| $,90586E-03 | 8.59890B-03| 1.11037E-02| 1.46699E-02| 1.69663E-02] 1.92176E-02 
¥ | 1.00000E+00] 1.00000E+00] 1.00000H+00] 1.00000E+00] 1.00000H+00} 1.00000B+00] !.000008+00) 
IcD |-5 3 -4 -4 4 -4 a4 
T= 293.15 K, Pp = 101325805 Pa, G, | 9.76159E-01| 7.98803E-01/ 7.461 10-01 7.18886H-01 | 6.95241B-01| 6.84894E-01 | 6,76935E-01 
Gig’, +) HdOBOOR +00) 9.240258 100) 5109 80r 0017.04 (On onl econser ron 4 Lassen ror a20QgE Ot 


Q, | 1.49381B-03) 3.66723E-03 | 5.70886E-03 } 7,70078E-03) 1,06393E-02] .25771E-2| [.45028E-02 
¥ 1.00000E+00] |.00000E-+00} 1.009008+00) 1.00000E+00) 1.00000E+00) t.00000E+00) |.00000F+00} 


a 3 3 3 2 2 


IcD |-4 -4 3 3 ml =3 3 
T= 353.15 K, Py = 1.01325E+05 Pa, C, | 6.85485B-01 | 6,40021B-01 } 6.24525E-01 | 6,17802E-01 | 6.14082B-01 | 6.12507E-01 | 6.11320E-01 
868.43 kg/m’, w= 1. T490E-02 Pa-s, | gy | 9.36492E-Ol | 2.62317E+00| 4.26608E+00] 5.90822E+00| 8.38949E+00 £.09416E+01} 1.16925E+01 
0. Pp = 910.83 kzim* Q, | 1.0281 7E-03| 2,87998E-03 | 4.68373E-03 | 6.48664£-03] 9,21082E-03| [.10246E-02| 1.28371 E02 


1,00000B+00} 1.000006+00} 1.00000E+00| 1.00000E100] |.00000E+00) [.00000E+00} 1.00000E+00) 
2 


= 599.01 kpim? Gg [89 


.1990E-03 Pas. | gq, | 8.926B1E-Ol | 2.65494600| 4.414476+00 


5E-O4 | 2.65758E-03 4B 03 


ICD 2 2 2 2 2 


Tp= 288.71 K, Py = 1.01325E+05 Pa, C, | 6.10538E-01 | 6.05266-01 | 6.03840E-01 | 6.03122E-01 | 6.02508E-01 | 6.02242E-01 | 6,02039E-01 
+01} 1,23236E+01 


3-02) i.23359E02 


x ee PoopegE #00 1,00000E+00] [,00000E+-00] 1.000008+00] 1.00000E+00 1.00000E+00 


= 372.04 K, Py = 1013255405 Pa, Gi ey eT 6,01609E-01 | 6,01302B-01 | 6.010352-01] 6.00918E-01 | 6.00828E-01 
.8250E-04 Pa-s. | @., 8.60312E-O1 | 2.5718SF+00| 4,.28222E+00] 5.99205E+00) 8.55628E-+00! 1.02655E+01] 1.19747E+01 


i= 1.5430H-04 Pa-s gy, | 8.99406E-01 | 


FE+)O) ‘Oi 


Q, | 4.8321 1B-O1 | 1446226400] 2.40872B+00 3,37 102E+00 


IcD |2 2 e 2 2 2 2 


QO, 18.61 165R-04! 2.67444R-03| 4,286478-03! 5,99700F-03 | 8.56476FR-031 1.02757F2| t.1OR65E-02 
¥ 1,00000E+00 pombe OS 1,00000E+00) 1.00000E+00] 1.00000F+00} 1.00000E+00) 1.C0000E+00) 
IcD |2 2 2 2 2 2 
235.37 Ky Py = 1.01325B+05 Pa, Gy | 6.04264E-0i | 6. SDaeea 6.01622E-Oi | 6.01350L-Gi | OG 147A | 6.0 087EOi | G.HOTOE OI 
LLL] kg/m’, fr 1.3070E-05 Pa-s, | q,, | 4.05647E-02) 1.19571O1| 1.93414E-01 | 2.58729E-01 | 33328901 | 3.62433E-O1| 3,71 1GLE-O1 
3198, py = 1.8613t kgf? Q, | 2.f7936E-02| 6.42401B-02| 1.03913E-01| 1.390046-01| 1.79062B-01| 1.94719B-01| 1.99409R-01 
Yy 9,98244E--O1 | 9.84198E-G1 | 9.56107E-O1 | 9, 13969E-O1 | $.24427E-01 | 7.471740-01 | 6.55876E-01 
ICD j2 2 2 rg 2 2 2 
Tp= 283.15 K, Pp = GR0476F 05 Pa, Gy | 6.02891F-1 | 6.014660] | 6.01960T2-01 | 6.00851E-01 | 6.00670E-O1 | 6.00592E-01 | 6.00533E-01 
Py = 4.9831 kgim’, i= 1.0670B-05 Pa-s, | g,, | 6.22296R2; 1.858770] 3.08344H-01) 4.289265-01 | 6.04660K-O1 | 7.173121 | 8.25498E-01 
4 1.3622, p, = 0.70817 kgim? Q, | 8.78739B-02 : 2.62475B-01 | 4.354098-01] 6.05682E-0) | §.53834F-O1| 1.01291 F+CG] 1.16568F+00 
Y 9.99750E 01 |9.07750E 01) 9.93750R, 01; 9.877508 01) 9.75001E 1} 9.64001B..01} 9.51001 E01 
IcpD [2 2 2 2 2 2 
{r= 288.37 K, Pr = {BRO 7ER NE Pa, Cr 4 NIRRGF_D "6. 11464 A AR 1} 6. 4. AO 


Oi 
48142500} 5.77631E+00) 6.73832E+00| 
1,00000E+00| [.00000E+00} 1,00000B+00) L.O0000E+00} 1.000008+00; 1.00000E+00) 1.00000E+00) 


FO2007E-O1 1. LeeLee hE a eS 
4.25511E-O1| 5.93723E-01) 8.42382E-01 


8.55391E-02) 2. 


ib [2 z zZ 2 2 2 2 


Cy | 6.0187 1E-01 [6.00928H-01 | 6.00652E-01| 6.00509E-01 | 6.00383E-01 | 6.00327E-01 | 6.00285E-01 
+00! 2, 16721 E400! 

1S EH 1, 164356400) 

9.9987 1E-D1 | 9.9883SE-01 | 9.96775E-01| 9.93678E-01 | 9.87099B-O1| 9.81422-01 | 9.74714E-O1 


3622, p;, = 0.70817 kg/m? 


ICD |2 2 2 2 Z z 2 


= 283.15 K, fre 3.44738E+06 Pa, | 6.01788E-D1 | 6.00883E-01 | 6.006 19E~-0 1) 6.00480E-0 1] 6.00358E-01| 6.00304E-01 | 6.00262E-01 
6.627 kein’, f= 1,1310B-05 Pa-s, | g,, | 1.43615E-01 | 4.30030B-01| 7.158268-01 | 1.00072F+-00} 1.42566R+00] 1.70685P+00} 1.98597F+00 
Q, | 2.02797B-D1 | 6.0724 1E-O1 | 1.01081E+00] 1.41311E+00] 2.01316E+00| 2.41023E+00] 2.804372+00 
9,99950E-01 | 9,99550E-01] 9.98750E-01] 9,97550B-01 | 9.95000E-01 | 9.92800E-01 | 9,90200E-01 


T= 338.01 K, Pee 
4.168 ke/in®, 


89476E+06 Pa, Cy {6.01720E-01 | 6.00849E-01 | 6.00593E-01} 6.00459E—01 | 6,.00340E-01) 6,00287E-01 | 6,00247E-01 
.3650P-05 Pa-s, | q,, | 1.85296E-01 | 5.54977E-01; 9.24195E-O1| 1.29281 B+-00} 1.84415E+00) 2.210348-+00) 2.57519E+00) 
a 


rm) 9 61654091 | 7.279678-01! 1 20S05E 00! 1 825s6E+00! 2 6U410E+ 08! 3.127208.00! 3 63640R100 
fit , | 2616540-G1 | 7.83678E-O1) ESOSCSE+O00) LB2556E00) 2,604 10H 108) 3.121208 100) 3.63640H 100 
v 


A 9,99975E-H | 9.99775E-01 | 9.993750 | | 9.98775E-Gi | 9,97500E-01 | 9.96400E-01 | 9.95100E-01 
2 2 


ICD |2 2 2 2 2 2 12 


IcD |2 2 2 a 2 
p= 383.15 K By = 1 F7R9SE407 Pa, G; | 6.01600F-D1 | 6.0078413-01| 6.00543E-01/ 6.00417R-01| 6.00305E-01 | 6.00255B-01 | 6.00216F—01 
Bip = 520.04 ken p= 4, 1710E-05 Pas, | g,, | 6.353841 | 1.90419E+00] 3.17236E+00| 4.44037B+00| 6.34221 +00] 7.61001 +00 | 8.87777 E400} 
ke-1.0. py= 1.86131 kefm? Q, | 3,41471B-01 | 1.02303B+00] 1,70437B+00f 2,385625+00] 3.40739E+C0| 4,08852E+00| 4.76964E+00) 


¥ 1,00000E+00] 1.CUU00E+00] 1,.00000H+00] 1.00000E+00} 1.00000E+00} 1.00000E+00) 1.00000E+00 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND. 119 
Table 4-C-6—Selected Round Robin Test Results Matrix—SI Units 
(Om = 0.202729 mM, de = 0.00001116 m/m—-K, dp) = 0.082556 mi, of = 0.60001685 m/m—K) 
| Cell | ae oes re ee 
Flow Conditions Male 559.5 5035.6 13987.7 27Al5, 559508 80569. 1 109663.5 
Fp= 235.37 K, Pp = 1.01325E405 Pa, G,__ | 1.43086E+00] 1.06321E+00} 9.482555-01 | 8.87250E-01| 8,33318E-1 | 8.09497E-01 | 7.91133E-01 
Pry = 932.26 kel’, 1= 1.8550 Pa-s, Gm | 7-92149B+00| 1.76586E+01 | 2.62487E+01] 3.43840E+01) 4.61342E+01| 5.37784E+01 | 6.13182E+01 
2 =1.0, p= 910.83 kg/m? Q, | 8.69700E-03) 1.93873E-02| 2.88184E_02| 3.77502E-02| 5.06507E-02| 5.90433E-02 | 6.73213E-02 
Y | 1.00000E+00) 1.00000E+00} 1.000008+00] 1.00000B+00} 1.00000-400} 1.00000E+00| 1.00000E+00! 
Icp |-5 4 “4 A a A A 
Fy= 293,15 K, Pp = 1013258405 Pa, G, | 8.53630E-01 | 7.31434B-01 | 6.958898-01| 6.77546E0L] 6.61455E-01 | 6.54288E-O1 | 6.48679E-01 
Pop = 907.60 ke/m?, t= 2,1220E-O1 Pa-s, | g,, | 4.66884E+00} 1.20016E+01) 1.903065+01| 2.59405B+01) 3,617 781401) 4294306401) 4.96707 E401 
0, 24=910.83 kg/m® ©, | 5.12592E-03] 1.31766E-02] 2.08937E-02| 2.84801E-02) 3.97 L96E-02| 4.71471 E-02 | 5.4533SE-02 
¥ | L.00000E+00] 1.00000E+00] 1.00000E+00] 1.00000E+00| 1.00009E+00] 1.00000E+00| 1.000001+00 
ICD |-4 3 3 “3 “3 3 3 
Ty= 353.15 K, Py = 1,01325E%05 Pa, Gy | 6.54698E-01 | 6.20169E-01| 6.145 14E-01 | 6.11743E-01] 6.09423E-01 | 6.08435E-01 | 6.07688E-01 
68,43 kein, = 177490B-02 Pa-s, | g,, | 3.3097SE+00| 9.97402R+00| 1.647178+01| 2.29565E401) 3.26706E+01| 3.9141 [R401 | 4.56086E+01 
0, y= 910.83 ke/m? OQ, | 3.85335E-03| 1.09505E-02/ 1.80843B02| 2.52039H-02| 3.586902-02| 4.29730B-02! 5.00737E-02 
Y | L.00000E+00} 1.00000E+00] 1.00000B+00] 1.000005+00} 1.00000E+00] 1.00000E+00! 1.00000E+00 
ICD 1-3 3 2 va 2 Z 2 
Tp 288.71 K, Pr = 1,01325E305 Pa, G | 6.071946-01 | 6.03831E-01 | 6.02905B-01| 6.02434E-01 6.02028E-01 | 6.01851E-01 | 6.01715E-OL 
Pi, = 999.01 kgim?, 4 = 1.1990B-03 Pe-s, | dp 1.03933E+01} 1.72955E+01| 2.41948E+01| 3.45408E+01| 4.14367E+01 | 4.83319E 401 
kE-1.0, f,= 999.01 kyAn? @, {3.4871 1.04036B-02) 1,73127E-02/ 2.42188E-02) 3.45750E-02) 4.14778E02 | 4.83798E-02 
Y’ | t.0ca008+00| 1.00000E+00] 1.00000E+00| 1.00000E+00] 1.00C00E+00| 1.000008+00 1.00000E+09 
IcD |2 2 2 2 2 2 2 
7, = 372.04 K, Pr = 1.01325E405 Pa, G, | 6.03226B-01 | 6.01828E-01 | 6.01427E-01| 6.01219E-01| 6.01036E-01 | 6.00956E-01 | 6.00893E-01 
41.75 kam”, = 2.8250E-04 Pa-s, | g,, | 3.36970E+00} 1.00858E+01) 1.67983E+01| 2.35096E+01) 3.35749E+0 | 4.028448+01 | 4.69936E+01 
0, 9, =999.01 kg/m? G, |3.37303B-03| 1.00958E02 | 1.681508-02| 2.35329E-02! 3.36082E-02} 4.03244E-02! 4.70402E-02 
Y | L.00000E+09] 1.c00e0E+00] 1.000008+00] 1.000008+00) L.o0COE+00} 1.000008+00) 1.06000B+00 
Ic |2 2 2 2 2 2 2 
Tps 255.37 K, Py = 1.013258405 Pa, Cy | 6.03180E-01 ) 6.01814B-01 | 6.014348 01 | 6.01250B-01) 6.011128-01) 6.01070E-O1) 6.01059E-O1 
1181 kg/m, 12 = 1.3070E-05 Pa-s, | gy | 1.58890B-01 | 4.68904E-01 | 7.58722E-01| 1.01509E+00] 1.30777E+00] 1.42218E+00) 1.45646E+00 
3198, Ope 18613 kein? 7) 2.51922E-01 | 4.07628E-01 | 5.45362E-01 | 7.02605E-01 | 7.64074E-01 
9.84199E-01 | 9.56109H-01 | 9.13974H-01 | 8.24438H-01] 7.471901-01 
2 2 2 2 2 
T,= 283.15 K, Py = 6.89476E-105 Pa, G, | 6.0228 1-011 6.01329E-01] 6010528011 6.00908E 011 6.00783 01 6.00723E-01) 6.00687E-01) 
9831 kal, jt = 1, OGTOE-05 Pars, | dq, |2.439428-(11|7.20215E-01] 1.20993 HH0] 1683276400] 2.373 13E+U0) 2.81538 E400) 3.240095 400 
3622, p,, = 0.70817 kg/ar? Q, | 3.44468B-01 | 1.02972E+00| 1.708528+00/ 2.37692E+00] 3.35108E+00] 3.97557E+00) 4.57530E+00 
y | 9.99750E-01 | 9.97750B-01 | 9.9375 1B-01 | 9.877518-01| 9.75002B-01) 9.64003E-01 | 9.51004B-01 
2 2 2 


2 


F) 


kg/m: +O 

1.86131 kg/m? Q, 1,89420E+00| 5.67367E+00| 9.4517 1E+00) 1.322928 +01) 1.88948E+01) 2.26716B+01 2, }482E401 
¥ 1,00000E-+100) 1.00000E+00 1.Q00C0B}0| 1.00000B+00) 1.000005+00 1.000G0F+00] |.00000E+00} 

IcD {2 2 2 2 2 2 2 
bee 255.37 K, Py .37895E+06 Pa, ¢, —}6.01602E-01 | 6.0096 1B-01 | 6.00770B-01 | 6.006708-01! 6.00581E-01} 6.00542E-01 | 6.0051LE-O1 

783 kg/m’, [= 1L3520E-05 Pars, | dy | 6.24479) 1,86953E400! 3, 108455400! 4337581400! 6.154615 +00! 7,34258E+00! 

ks 1.3198, p, = 1.86131 kgf? Q, |3. 35505E- 01 1.00442E+00} 1.67003E100| 2.33039E100| 3.30660E+00] 3.944846 +00) 4.. 57063100 
9.9987 1-01 | 9.088391-01 | 9.96775H-01 | 9.93679H-O1| 9.87 1001:-01] 9.814241-01 | 9.74715B-O1 

ten |2 2 2 2 > > 3 

ICR 2 12 2 2 2 2 2 
T= 283.15 K, Ps 3.447382+06 Pa, G | 6.01546E~01 | 6.0093 12-01 | 6,007478-01 | 6.00650E-01| 6.00564B-0L] 6.00525E-01 | 6.00495E-O1 
6.627 kg/m, j= 1.1310E-05 Pa-s, | g,, | $.63319B-01 | 1.687578+00] 2809505400} 3.927948 00] 5.596 198+00] 6.70015E+00| 7.79599E-+00} 
3622, p, = 0.70817 kgfn* @, | 7,95457TE-DL | 2.38300E+00| 3.967278+00| 5.54660E+00| 7.90233E+00] 9.46122E+00) 1.10086E+01 
ee 9,999S0B-01 | 9.995S0B—-H1 | 9,98750B-01 | 9.97550E-01| 9.95000B-01 | 9.92801 E-01 | 9.90201E-01 

cD 2 2 2 2 2 2 2 
T= 338.71 K, Pr = 6.89476E+06 Pa, Cx | 6.01501E-01 | 6.00908E-01 | 6,00730E-01 | 6.00636E-G1} 6.00552E-01) 6.00514E-01) 6.00485E-01 
Pp = 44,168 kg/m’, p= 1 3650]5-05 Pa-s, | dy | 7.26836E-01 | 2.17794H+00) 3.62737E+00) 5.07447E+00] 7.23898E+00] 8.67665E+00) |.01091E+01 
fe 13622, 9, =0. 5hen7 G, | 102636H400) 3.07545H400) 5.1221 78100) 716561300) 1 H) 1225220408) {427490401 
¥ 9.99975E-01 | 9.99775E-01 | 9.99375E) | | 9.98775E-H1 | 9.97500E-01 | 9.96400E-01 | 9.95100E-01 

IcD [2 2 2 2 2 2 2 
Tp 333.15 K, Py = 1.37895E+07 Pa, , | 6.014206-01 | 6.008636-01 | 6.00695R-1f | 6.00606E-01 | 6.00526E-01| 6.00491E_01 } 6.00463E_01 
Pr 20.04 kg/in’, {= 4.1710E-05 Pa-s, | dn | 2493291400] 7.47300B+00] 1.24515E+01] 1.74295E+01] 248960E+01) 2.987348+01] 3.48507E+01 
k 0, P_= 1.86131 p/m? Q, | 1.33953E400} 4.014918+00! 6.689646+00/ 9.3641 1E+00] 1.33755E+01| 1.604978+01] 1.87237E+01 
ag 1.00000E+00] 1.00000E+00] 1.00000E+00| 1.00000E+00] 1,00000H+00) 1.00000E+00} 1.00000K+00} 

IcD 2 2 2 2 2 
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120 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-6—Selected Round Robin Test Results Matrix—SI Units 


(Om = 0.363513 m, iq = B.00007118 rnvin-K, Gp = 0.148034 rm, a, = 0.00001685 m/m—K) 


Pa 
Cell . 
Flow Conditions Vale 559.5 5035.6 13987.7 27415, 55950.8 80569.1 109663.5 


Cr | 1.21144E+00} 9,33861E-01 | $,48644E_-01 | 8.03930E-01] | 7.64763E-01 | 7.47581E-O1 | 7.34386E-01 
Q_ | 2-15677B+01| 4.98779E+01 | 7,55438E+401| 1,001 89B+02) 136154402] 1.59714E+02] 1.830448+02 
Q, | 2.36792B-02| 5.47609E-02 | 8,29395B-02] 1,09997E-01 | 1.49483E-01 | 1.75350E-01 | 2.00964E-01 
1000008400! |.09000B+00] LOQQQ0E+00] 1.C0000E+00] |.00000E+00! 1.00000E+00! 1.00000E+00 


3 4 4 4 3 3 3 
ae 293,15 K, Py = 1.01325E+05 Pa, 7.79472E-01 | 6.9171) 8-01 | 6.6621 16-01 | 6.52776E-01 | 6.40547E-01| 6.348491-01 | 6.302221-01 
507.60 kg, j= 2.12208-01 Pes, 1.37098H401] 3.649897401] 5.858800+0!| 8.03703R+01 1.126641402| 133994402] 1.55187H402 


1.505208-02| 4.0072282-02| 6.43247E-02| 8.82386E-02| 1.23694E-01 | 1.47112E-01| 1.70379E-01 
1000008400} 1.00000E-00] 1.00000E+.00| 1.0000084-00] 1,00000E4-00| 1.000008+00) 1.00C008+00 
4 3 3 3 3 3 3 

6.35173E-01| 6,14068E-01 | 6. 102948-0; | 6.08432E-01 | 6.06863E-01 | 6.06192E-01 | 6.05684E-01 
109018401] 3.17591E+01| 5.26063E+0 | 7.34242E1-01] 1.04621E+02| 1254076402) 1.46185E+02 
1.2022. B-02| 3.48683E-02| 5.77565E-02 | 8.06124H-02] 1.148648-01 | 137684E-01| 1.60497E-01 
1,09000E+00| 1.00000E+00 1.00000E+400] 1.00000E+-00] 1.00000E+-00] 1.000008+00) 1.00C008-+00 
3 2 2 2 2 2 2 

6.05345E-01| 6.03025E-01 | 6.02375E-01 | 6.02042E-01| 6.017531-01 | 6.01626R-01 | 6.01528E-01 
1116880401] 3357831401 535704601] 7.775S5E+01| 1.11026E+02| 1332082] | 553788400 
{i 1799-02} 3.341 14B-02 55B-02 | 7.78326E-02| 1.111368-0i | §.33335E-0i 


eam 0, 0, = 910.83 ke/m? 


Fy= 353.15 K, Py = 01325405 Pa, 
R68.43 kina =l-. ONE 2 Pa-s, 
1.0, 9, = 910.83 kg/m 


Ty 288.71 K Pee = 1013258405 Pa, 
Pip = 999.01 kg/m’, i= 1.1990E-03 Pa-s, 
k=-10, 9, = 999.01 ke/m* 


26E-02 | 1.11 1368-01 | 1.3333SE0i 
Y — | 1,000008+00] 1,00000E+00) 1,00000E+00) 1,00000E+00) 1.00000E+00) 1.00000E+(0} ‘LoOt00E +00 


Icp |2 2 2 2 2 2 2 
7;= 372.04 K, Py = 1013251405 Pa, | 6.026038-01| 6.016f E01 | 6.01321E-01 | 6.01170E-01 | 6.01036B-01 | 6.00977E-01 | 6.00931 E-01 
»41 75 elo 


rar ed Pa-s, | din 1.08251 E401} 3.24222E+01| 5.401 09E+01 | 7.55963E+01) 1.07971B+02 12s52E Oe 1.51 1328402 
for 3.24844E-02 | 5.40644E-02 | 7,567 12F-02! 1.080788: 20-1 
¥™ | 1.00000+00] 1.00000E+00| 1.00000E+-00| 1.000000] 1.000008:-00| ‘osen8 00 1.00C00E+00} 


ICD |2 2 2 2 2 2 2 

4p 255.37 K, Py = 1.O13Z5E+05 Pa, CG, | 6.02569E-01 | 6.01599E-0i | 6.01325E-01 | 6.01191 H-01 | 6.01090B AH | 6.01 0608-01 | 6.01051 E-01 

Pry = 2.1181 kgim’, w= 1. S070 DOE e 8, | Gm | 5.10444E-O1| 1,50737E+00] 2.439471+-00] 3,26402E+00} 4.20537E+00) 4.57337E+00) 4.68362E+00} 

k= 13198, p,= 1.86131 kefm* O, | 2.74239E-O1 | 8.09845E-01 | 1.31062H+00] 1,75361E+00| 2.259368+00] 2.45707E+00| 2.5 1630E+00 
Y | 9.98244E-01 | 9.84199H-01 | 9.56t09B-O1 | 9, 13974H-O1 | 8.244368-01 | 7.47188E-O1 | 6.55895E-01 = 
ICD |2 2 2 2 2 2 2 


8405 Pa, G [6.0124 5.008078-01 | 6.00776E-01 


05 Pa, G 


o47E-o1l 6.00o4tF-o1l 6c 
3.890860] 5.41337H+00| 7.632385+-00} 9.05492B+00] 1.0421 1E+0L 


Pip 0670-05 Pu-s, | gy, | 7.84020E-01 | 23447112400 

ke As 3622, P= 0.70817 kefm? Q, 1.1071 LE+00) 3.31094F+00] 5.49423R+06) 7.644 1GH+00] 1.07776B+01) 1.27864E+01) [.47155E+01 
¥ | 9,997501-01 | 9,977500-0! | 9.93750L-01 | 9.87751B-01 | 9.75002E-01 | 9.64003E-01 | 9.51004E-01 

IcpD|2 | 2 2 2 2 2 
[Tp 255. 37 K, Py = 6.80476E+-06 Pa, Ca 6.01932E Of | 6.01247B-01 | 6.01043B-01 | 6.00936E-01! | 6.00840B-01 | 6,00797E-01 | 6.00764E-01 
Oip = 1082.35 kof’ i= 15430504 Pa-s,| g,, | 1.13315E401] 3,39560E-+01 | 5.657408+05] 7.91895E+01| 1.131 1OB+02) 1.39722E-+02| 1.983348+02 
k=-1.0, py = 1.86131 ke/m? Q, | 6.08789E4+00} 1.8243 1E+01] 3.03947E+01} 4.25450E101| 6.07689E+01] 7,29175E+01| 8,50657E+01 
Y- | 1,000008-00] 1.0C000E+00/ 1.00000E+00/ £.000008+00 eno L.00000H+00] 1.000002+00 

Ie |2 2 2 2 2 2 
C, | 6.01446B-01 | 6.00979E-01 | 6.00338E-01 | 6.00763E-01 ee | 6.00666E-01 | 6.00643E-01 
Pip = 32.783 1.35205 Gn | 2.007698:200! 6.01224E100| 9.99732F100] 1.39S10B101) 1.979508 01} 2.361 73E +01] 2.73641 E401 
£5 1.3198, py = 1.86131 kgm? G, | 1.07864F-+00| 3.2301 1E+00) 5,371 12E+00] 7.49527E+00| 1.06355E+01| 1.26885E401] L47015E+01 
Y  |9,99871E-O1 | 9.98839E-01 | 9.9677SE-01/ 9.93679E-01| 9.87100E-01] 9.81423K-01 | 9.74715E-01 

icD [2 z 2 2 z z 2 
283.15 K Py = 3.447381+06 Pa, G, | 6.01407E-01| 6.00937E-01 | 6.00821E-01] 6,00748E-01| 6.00683L-01] 6.00654E-01] 6.00682E-01 
6.627 kel’, p= 1.13108-05 Pas, | gy | 1.8111 1400] 5.42715E+00| 9,03594E100] 1,26336E+01! 1799991401] 2.155 1E401} 2.50761 E401 
3622, Py = 70817 kei? QO, | 2.55745E+00) 7.66363E+00) 1.27596E+01| 1.78398E+01 | 2.54] 75E+08]) 3.04321£401) 3,54098E4+01 
¥- | 9.99950E-01 | 9.99550B=01 | 9.98750E-01 | 9.97550E-01 | 9.95000E-O1 | 9.92801 E-01 | 9.90201 E-01 

mn 19 4 3 2 a 2 2 
T= 338.71 K, Py = 689476E406 Pa, ; | 6.01373E-01 | 6.009416-01 | 6.00809E-01/ 6.007388-01 | 6.00675E-01 | 6.00647E-01 | 6.00624E-01 
44,168 Kgl’ 3650B-05 Pars, 1, | 2.33688E+00] 7.00425E+00) 1.16665E+01] 1.63213E+01} 2.32840E+01 | 2.79087E+01 | 3,25 164E+01 
51.3622, py =0.70817 kin? @, | 3.29989B-+00) 9.89062H+00) 1.6474 12401] 2304720401} 3.28791 E401) 3940955401) 4.59161 E401 
9,99975E-O1 | 9,99775E-01| 9,99375E-01| 9.98775B-01| 9.97500E-01 | 9.96400E-O1 | 9.95 100E-01 

ICD |2 2 2 2 2 2 2 
= 333. 15 Ky Py = 1.37895E+07 Pa, Ca 6.01316E G1 | 6.00908B-01 } 6.00783B-01| 6.007 165-01 | 6.00656E-01 | 6.00629E-0I | 6.00608E-01 
te = 520. 04 kg/m, pad 17IE 03, Pas 8,1 Gay 8.01656H+00) 2.40336L40 1} 4004751401] 5,60603E+01} 8.00782E+01| 9.60894E+01 | 1.12100E+02) 
k=-1.0, p= 1.86131 kg/m Q, | 4.30695E+00) 1.291228+011 2,15158E+01] 3.01187E+01] 4.30225E+01! 5.16246E+01| 6.02266E101 
¥ | 1.00000B:400{ 1.000008-+00] 1.000080 1.00060E+00| 1.00000E+00] 1.00000E-400} 1.00an0B+00| 

IcD |2 2 2 2 2 2 2 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGNOUND 121 
Table 4-C-6—Selected Round Robin Test Results Matrix—Sl Units 
(Dy = 0.746150 m, a = 0.00001116 m/m-K, dp, = 0.303808 m, ay = 0.00001665 m/m-k) 
H Colt re 
[Hm Conditions value | 559.5 3035.6 139877 27415. 55950.8 80569.1 1096635 
Tp= 255.37 K, Pr = 101325405 Pa, G, | 1.01286R+001 8.1o828n—01 | 7.62.1268-01 | 7.322478-O1 | 7.06236B-01 | 6.94938 01 | 6.36222E 01 
Pup = 932.26 kpm?, gt = 1. $650 Pas, 4 | 7.59490B+01] 1 84425E102} 2.857408+02| 3.84353H402| 5.29609 +02] 6.253195 +02| 7.20389B+02 
F210, p,= 910,83 kg/m? Q, | 8.33844-02] 2.024802-01 3.13714B-01 | 4.219815-01 | 5.81458E-01 | 6.86538E-01 | 7.909 15F-01 
¥ | 1.000008100) #.00000F4.00) 1.00000F.00] 1.000008400} 1.00000E400} 1.00000E+00] 1.00000E+00 
Icb |-4 4 3 3 3 3 
Ty= 293.15 K, Pr = 1.01325E405 Pa, G,  |7.16018B-01 | 6.577431-03 | 6.39850#-01 | 6.29603E-01 | 6.20103FD1| 6.179 0E-01 | 6.16261E-01 
Pup 7, kein’, fis eet EST Pas, | Ga 5.30428H+01| £.46179E+02| 2,37003E+02| 3.26490E+02| 4.593776 402 5.49302E+02) 6.39143E+02| 
re-a6, Mh, = 91083 kgf a, § 89356R-071 | 60480701 | 7.60205RO1 | 2.584548 | $.0d349R_O1 | 6.03079B_01 | 7.017148 01 
¥ | 1,00000F-00f 1.60000F+00] 1.00000F+00] t.00000-+00| 1.00000E+00] 1.00000E+00| 1.00000E+00| 
IcD |-3 33 = “ 3 3 
‘Tps 353.15 K, Pr = 1.01325E405 Pa, €, | 6.18033E-01/ 6.09276B-01 | 6.06951E-01| 6.05793E 01 | 6.04810B OL| 6.04387E 01| 6.04065E 0: 
Big = 368.43 kealend LIAQOH 02 Pas, | gy | 4A87SSEOL) 1327208: 03) 2.20356E1 02) 3.07009E 102) 4.39157TE +02) 5.26620H+02) 6 1406202 
2-10, p= 910.83 ka/m? ©, | 4.92688E-02| 1.45713E-01 | 2.41928E-01 | 3.38054E-01 | 4.82150E-O1 | 5.78176E-01| 6.74179E-01 
Y | 1.000008+-00} 1.000002+00} 1.00000E+00} 1.000008+00) 1.00000R400) 1000008400] 1.00000F+00 
cb {3 aa 2 a z 2 DD ton 
‘O138sEOs Pa, | 6.038491-01 | 6.023571-01] 6.01930E-01 | 6.01709E-01 | 6.01515E-01 | 6.01430E-01 | 6.01364E-01 
11990813 Pa-s, | ¢,, [4692408401] | A0428F4.09| 2.33880R+02] 3.97313F+02) 4.67439R-402| $.60847F-+02] 6 54249402 
Q, }4.69714B-02] 1 405678-01 | 2.34112B-01 | 3.27637E-01 | 4.67902E-01 | 5.61403E-01| 6.54898E-01 
Y — | L.0000E+00} 1.00000H:-00] 1.000002+00] 1.00000E+00) 1.00000B+00] 1.00000E+00! 1.00000E:.00 
Icb 42 2 z 2 2 2 2 
G, | 6.020811-01 | 6.05421B-01] 6.01224E-01] 6.01 120E-01 | 6.01028E-0L| 6.00986E-01| 6.00954E-01 
‘tn 455542E+01] 1.355 1481-02) 2.27448E+02| 3.18373E+02| 4.54748E +02] 5.45660E+02) 6365690402) 
G, | 4.559945-02) 1366498-O1 | 2.27674B-O1) 3.18688E-O1 | 4.55199E-0i | 5.46201E-O1 | 6.37200E-O1 
Y | 1,00000E+00] 1.000008+00] 1.00000E+00} 1.00000B+00) [.00000E+00} 1.00000E+00| {.00000E+00 
Icp |2 2 2 2 2 2 2 
7; = 255.37 K, Pr = 1.01325E+05 Pa, G, | 6.02057E-01 | 6.01411-01 | 6.01225E-01 | 6.01133E-01 | 6.01064E_O1 | 6.01042E-01 | 6.01036E-01 
Pip = 201181 kein}, t= 1.3070B-05 Pa-s, | g,, |2.14808E+00) 6346838400) 1.027298+01] 1374628401} 1.771 168401] 1.9261 R401 | 1.97263E401 
kS 1.3198, 1.86131 kg/m? Q, | 1.15407F+00] 3.409877+00] 5.5 191900] 7.38523E+00! 9.51567E400] 1.03485E+01! 1.05981E+01 
¥ | 9.98244f2-01| 9.84199E-01| 9.56110E-01| 9.13975E-01 | 8.24439E-D1| 7.47192E-O1 | 6.55000B-01 
Icp |2 2 2 2 2 2 2 
Tps 283.15 K, Fy 6894760405 Pa, G, | G.0163GE-01 | 6.011 748-01 | 6.01034E-01 | 6.008608-01 | 6.00895E_O1 | 6.00R66E—01 | 6.60844E_01 
Pip = 4.9831 ke/en, I= LOGTOB-O5 Pa-s, | qq, |5-20053R+-00] 9.87429R+00) 1.63R73R+01] 2.28009R+01| 3.21489%+0!| 3.814 16E+01 | 4.38969E+01 
= 1.3622, py= 0.70817 kim? O, | 4.66065E+00] 1.39434H+01] 2.31404E+01] 3.21970E401 | 4.53071 F401 | 5.38594F+01| 6.19864E401 
¥ | 9.99750B-01 | 9.97750E-01 | 993751501 | 9.87751LE-DL} 9.750021-01 | 9.640U3E-01 | 9.5 1U05H-01 
_ | ICD |2 Pe | ee 2 __ 2 2 
55.37 K, Pr = I47GE+06 Pa, a 6.01635E-01 | 6.01171E-01| 6.01031E-01 | 6.00956E-01] 6.00889E-Ot | 6.00858E-01 | 6,00835E-01 
1042.35 kp/m? pr 1. S430E-04 Pa-s,] gq, |477017E+01| 1.42009R+02| 2.38276B-+0} 3.335448-4.02] 4.76430R402| 5.71608F 402] 6 669545402 
ee-10. Ps = 1.86131 kgim? Q, | 2,56286H+01| 7.68272E+01| 1.28015E+02] 1.79199E+02| 2.55970E+02| 3.07148F402| 2.58325R+02 
¥ — | onesor+ool 1.09000E+00! 1 GonndE.co! 1.00000E.00! 1.00000E40a! 1.00000B+.00 
Icb |2 2 2 2 2 2 
Tp 255.37 K, Py = 1.3789SE+06 Pa, , [601308E-01 | 6.00986B-01 | 6.00887E-01 | 6.00834E-01 SDOTRSE DI 6.00765E-OL 
Pap = 32. 783 kg/m", 13520E-05 Pa-s, | gy, 2532298401) 4.21 105240 64E+ii 89640 | 9.94885E401| 1.15 
£= 13198, p,= 1.86131 kg/m? Q, | 4.549096+00] 1 36049Ee01] 2.26041 B+01 3.15726E401 448015E+01 5.34508B401| 6193130401 
9.9987 LE-01| 9.93839E-01| 9.96775E-O1 | 9.93679E-01 | 9.87100E-01 | 9.814246-01 | 9.74716E-OL 
2 2 2 {2 2 2 2 
6.0128 1F-01 | 6.00972R-01 | 6.008762-01 | 6.00824E-01 | 6.00778E-01 | 6.00737E01 | 6.00740E_0: 
7.6265 1B+-00| 2. 2358RF 4011 3.206 14E +011 $.32179R+01] 7 52246RaN1| O.O7RS TROT! Los6zsE LOD 
107693401) 3.22787E+01| 5.37461E+01 | 7,51477B+01| 1,07071H402| 1.28197E402| 1.49167E+02 
9,99950E-01 | 9:99550E-01} 9.98750H-Ot | 9.975508-01 | 9.95000E-01 | 9.92801E-01 | 9.90201 E-O1 
6.01261E-01 | 6.00961E-01 | 6.00868E-01] 6.0081 8E-01 | 6.00772E-01 | 6.00752E-O1 | 6.00736E-01 
Dip = 44, 9.84068E+ 00] 2.95017E+01| 4.91421E401] 6.87S19E+01| 9.80843E401! 1.17567R102| 1.360798102 
k= 13622, py = 0.70817 kefm? Q, | 1.38959E+01] 4.16591 E+01| 6.93931E+01] 9.70839E+0T | 1.38504E+02' 1.66016B+02| 1.93427E+02| 
¥ | 9.99975E-01| 9.99775E-01 | 9.99375E-01 | 9.98775E-01 | 9.97500E-01 | 9.96400E-01 | 9.95100EDi 
icp |2 2 2 2 2 |2 2 
y= 933.15 K, Py = 1.37895E+07 Pa, Gy, | 6.012208-01 | 6.009374-01 | 6.00849R-01 | 6.00802R-1 | 6.00759R-O1 | 6.00739B-01 | 6.00724E-0! 
Pip = 520.04 kom, px = 4.1 7108-05 Pa-s, | g,, | 3.37591E+01| 1.012312+02} 1.68692B+02| 2.36151H+02) 3.37334E+402) 4.04787E+02| 4.72240E+0?| 
E210, pp = LSGL3! kei? O,, | L.81373H101) 543867101) 9,06310E+01] 1.26873E+02} 1.81235E+02) 2.17474E+02) 2.53714E+02 
¥__ | 1,00000E+00} 1.000002+00 1.00000E+00] 1,00000E+00] 1.00000E+00, 1.00000E+00] 1.00000E+00 
teD |2 2 2 2 2 2 2 
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Table 4-C-6—Selected Round Robin Test Results Matrix—SI Units 
( Dy, = 0.048262 m, a = 0.00001716 m/im-K, d, = 0.026194 m, a = 0.00001665 m/m-K) 


Cell Pa 
Flow Conditions Yalue 559.5 5035.6 13987.7 27415. 55950.8 80569.1 109663.5 
Tr= 255.37 K, Py = 1.01325E+05 Pa, G, 12.790 66E+00] 1.88676E+00! 1.5967 1E+00! 1.43961E+00] 1.29789E+001 1.2341 7E+C0! 1.18446E+00! 
32, a ae Bel peu Pa-s, % | |-89895K400) 3.24375K400) 4.575 | SEO) 5.77499R 0) 7.43785E400) 8.487 19R+00) 9.50290F+00} 
0, = 910.83 ke/m? 2, 1,75549R-03| 3.561 31F-03 | 5.02306F-03 | 6.34036F-03| 8.16601 F-03] 9.31 808F-03] 1.04332F-02 
Y |.00000E+00} 1.60006B+00) 1.000008+00) 1,000C0E+00] 1.00000E+00) !.00000E+00) !.00000E+00) 
ICD |-6 -5 = -5 -5 -5 4 
Tp= 293.15 K, Py = 1.01325B+05 Pa, GQ 1.35172E+00 1.01838E4+00} 9,15217E-Of| 8.60580B-01 | 8.121 17E-O[ | 7.90546E-Ol | 7.73776E-O1 


9800E+ 05) 5.37 1048400) 


2590868106) 3410678100) 


OE-Gi Pa-s, | gy | 1.65306E-01 


| 8.40229R-04 1/g9908--03 2.8445 1-03 | 3.74457E-03 | 5.048 141-03 | 5.296860~03 | 6. 
v 1,00000E+00) 1.0000GE+00} 1.00000E+00) 1,00000E+00] 1,00000E+00] 1,000006+00) 1.0GOU0E+00 
IcD |-5 ~4 4 A A 4 4 

Cy | 7-91821B-01 | 6.934746. 6.58288E-0 1) 6.37689E-01 | 6.30764E-01 ; 6.27849B-DI | 6.25659R-01 
43942780111, Lgz662rsnol 2, N49R+N0! 8F+00! 4.86103E400! 
4.824475-O4 | 1.2675SE-03 | 2.00545-03| 2.719778-03| 3.813 198-03] 4.59051B-03 | 5.33692E-03 
Y; 1,00000E+00) 1.00000E+00} 1.00000E+00) 1.00000E+00) 1.00000E+00| 1.00000E+00) 1.00000E+00) 
icp 4 3 3 3 3 3 3 

Ty= 288.71 K, Pre 1.01325E+05 Pa, Cy | 6.24217E-O1 | 6.145 14E-01 | 6.11855B-01] 6.10500B-01 | 6.09323E-01 | 6.08806E-01 | 6.08408E-01 
999.01 kein? r= 1. 1990F-03 Pa-s, jg, | 3.707270 | 1.09490F+00) 1816945400] 2.53808K+00] 3.61 8841400] 4.33893 E+00} 5.058776 +00 


O, py = 999.01 kgfm* Q, | 3.71095E-04 | 1.09599E-03] 1.81874E-03] 2.540608-03| 3.62243E-03] 4.34323E-03 | 5.06378E-03 
¥ 1,00000E+00) 1.00000£+00) [.00000E+00) 1.00000E+00] {.00000E+00) {.00000E+00} | .00000E+00 
IcD 33 2 2 2 2 2 2 
Ty= 372.04 K, Py = 1.01325H+05 Pa, Cc, | 6.12772B-O1 | 6.08733E-01| 6.07550E-0# | 6.06928B-01 | 6.06374E-01 | 6,.06127L-01 | 6.05935E-01 


-8250B. OA Pas. | ay, 3,54356B. O1 | 1056076400] 1.75669B+00] 2.15685B+00] 3.50659R+00} 1.20619R+00} 4.00566T+00 
im Gy | 3.54707D-O4) 1.057 12-03) 175843003 | 245928003 | 3.51 006E03) 4.21036E—03 | 4.910525 03 


Y 1,00000L+00] 1,00000E+00) 1.00000E+06] 1.00600E+00) 1.00000B+00) |.00000E+00} 1,000002+00. 


HLT gl’, re 


IcD (2 2 2 2 2 2 2 
= 285.37 K Py = 101325H-05 Pa, | C, | 6.12650E 01) 6.087028 01] 607587E-01 | 607039E. 01] 6.05630E-O1| 6.0651 [E-01 | 6.06488E-01 
a L118] kehn?, = (.3070E-05 Pa-s, | 9, | 1.670431-02) 4.505928-02] 7.91822E-02] 1.056512-01) 1.35343E-01} |.46350E-O1 | 1 48636E-01 @ 
Ke E3198, p, = 1.R6131 kein Q, | 8.97446B-03 | 2.63573B-02 | 4.25411 E-02| 5.676 15E-02| 7.27136E~-02| 7.86277E02 | 7.98558E-02 = 
Y 9.981G8E-01 | 9,83509B-01 | 9.54191E 01} 9.10214E 01 | 8,16764E-01] 7.36140E-O1 | 6.40857E-O1 
Icp |2 r3 ok 2 2 2 2 
Tp 283,15 K, Py = 6B9476EH05Ps, | G) | 6,10059E-011 6.07268E-01| 6.06432F-01 | 6.05991 F-01 | 6.05601 R01 | 6.05430F-01 | 6.05299F-01 
ig 4.9881 ele }= 1,0670E-05 Pars, | gq, | 2.55776E-02| 7.62229E-02 1.263328-01 | 1.7562312-0) | 2.4734815-01 | 2.932368-0l | 3.372140-01 
ke 1.3622, py, = 0.70817 kein? G, |3.61178E-92 | 1.07634E-01 | 1.78393E-01 | 2.47995E-O1 | 3.49278B-01 | 4.14076B-O1 | 4.76176E-O1 
¥ | 9.99739E-O1 | 9.97652E-01 | 9.9347 7-01 | 9.87215E-01 | 9.73909E-01 | 9.624298-01 | 9.48861E-O1 
IcD |2 2 2 2 2 2 2 


G 6.10055E-O1 | 6.07261E-01 | 6.064216-01| 6.059738-01| 6.05572E-01 | 6.05392E-O1 | 6.05251E-O1 
| dq | 3-69670E-D1 | 1.103944.00) 1837358100] 2.57039EH00} 3.66956F+00] 4.40215F+00) 5.13465F+00 
Q, | 1.98607E-01 | 5.93098E-01 | 9,87127E-01 1.38096E+00] 1.97149E+00] 2.365088+00) 2.75862E+00) 
bs {.0000K0R-200! 1,00000R4.001 1.09000F+00] 1.00000R+00] 1.06000R+00! 1.000008+00; 1,.00090R+00 
ICD [2 2 2 2 2. 2 2 
.37895E+06 Pa, Gy | 6.08078F-01 | 6.06155R-01 | 6.05563F-1 | 6.05246F-01 | 6.04962K-01 | 6.048347-01 


0, Sin sk 


ef S5208-05 Pers, din .! 3.242888-61 6A1366E Oi 
ES 13108, Pp= 186131 kgf? Q, | 3.51030B—-02) 1.04864E~01 | 1.74225K-01 | 2.42998K-01 | 3.44578E~! | 4.109235-O1 | 4.7501 08-J1 
¥y 9.99865E-H | 9.98788B-01| 9,96634B-01 | 9.93403E-01 | 9.86536E-01 | 9.80612E-01 | 9.736108-01 

IcD [2 2 2 a 2 2 2 
Ty= 283.15 K, Pp = 3447380406 Pa, CG, | 6.07812EN1 | 6.060608-01 | 6.05488E-01| 6.051808-01) 6.04902E-01 | 6.04777E-01 |6.04679E—O1 
Bo = 26.627 kaim3, = 1ABZIOB-05 Pas, |g, |5.89209R-02; 1.76177B-01! 2.931 05E-011 4,00625R-01] 5.83349R-0! | 6.98258F-01 | 8.12276R- 
&= 1.3622, Pp = 0.70817 kg/m? Q, | 8.32133E—02 | 2,48778E-01) 4,13891E-01) 5,78427E-01 | 8.23741E-01 | 9.86003E-01 | 1.14701E+400 
¥ 9.99948E-91 | 9.99530E-01 | 9.98695K-01| 9,97443B-01| 9,94782E-01 | 9.92486E-01 | 9.89772E-O1 

rep | 2 2 a 
Ty= 338.71 K, Pp = 6.89476E+06 Pa, Gy | 6.07775E-01 } 6,05982E-01| 6.05427E-01] 6.05128B-01) 6.04857B-01 | 6.04735E-O1 | 6.04639E-01 
Pay = 44.168 kgim§, jas f 3650E-O5 Pas, | G, — | 7.60261B-02| 2.27360E-01 | 3.78428E-01 | 5.29205E-01 | 7.54662E-01 | 9.04369E-01 | 1.0534914+-00 
21.3622, Py = 0.70817 kgin? Q, | L.07356B-D1 | 3.21053E-01 | 5.34374B-01] 7.47285E-01| 1.06565E+00| 1.27705E+00) 1.48763E+00) 
¥. 9,90074E-01 | 9.99765R-01 | 9.99348F_01 | 9.98721 E01 | 9.97391 E01 | 9.96243F_O1 | 9.94886F-01 

ICD |2 2 2 2 2 2 2 
Ty= 333.15 K, Es 1.37895E+07 Pa, Cy | 6.07534E-D1 | 6.05843R-01 | 6.05317E-01 | 6.05033E-01 | 6.04776E-01 | 6.04659E-01 | 6.04567E-01 
Pap = 520.04 kofm, p= 4,1710E-05 Pa-s, | q,, | 2.60726E-01 | 7.80008E-01| 1.298882400] 1.81758E+00| 2.59544E+00) 3,11392E+00| 3.63236E+00 
kS-1.0, p,= 18613! kefm? Oy AON TEED Aone AHO) 6.07 222F-01/ 9 76506R-O1 1 S0AA TE LOO 1672078400 1.OS STH NO 
¥ LGQ000E+00) 1,.00000E+00) 1,00060E1-00; 1.00009E:+-00] 1.00600E+00) 1.00000E+09} 1.00000E+00) 

IcD [2 2 2 2 2 z 2 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 423 
1e@ Table 4-C-6—Selected Round Robin Test Results Matrix—S| Units 
| (Op = 0.073676 m, og = 0,00001T16 m/m-K, dj, = 0.039291 m, ay = 0.00001665 m/m-K) 
| Cell Pa 
Flow Conditions Value | 559.5 5035.6 139877 27415. 559508 | 0569.1 | 109663.5 
te 101325E+05 Pa, CG, | 2.414088+00] 1656826400] 1414678100] 1.283918--00/ 1.16631F +00] 1,11358E+00] 1.07251B+00 
932.26 kefim’, 1e= 1.8650 Pas, Gm | 3.11437E+00] 6.412398--00| 9.12528E+00| 1.15945E+01] 1.50465E401] 1.72394E401| 1.937 10FeOT 
ret, 5 = 910.83 kefm? Q, | 3.41927E-03] 7.04016E-03| 1.001R6E-2) 1.27296E-02| 1.65196E~02| 1.892728-02| 21267402 
¥ — |1.00000F+00] 1.000008+00} 1.00000E+00) 1.000307-00] 1.00000E+00| 1.C000CE+00! 1.00000E+00 
Icb |-6 5 5 4 4 4 
G, | 1.21094E+00) 7 FOL] 7.49192E-01 9850120 ot 
f Gm | 1.54347 B+00) 00) 9. Li4587E101 
kS-10, p= 910. 83 kg/m? Q, | 1.69451f-03] 3.928931-03] 5,95754E-03 | 7.90303E-03 | 1.07334E-02| 1.2580ST-02 
Y | 1.000008+0} 1.000008+00} 1.00000E+00! 1.00000E+00] 1.00000E300| 1.00000E+00] 1.00000E+00 
Icb |-5 4 4 4 3 3 3 
Tp= 353,15 K, Pp= 1013255405 Pa, C;, | 7.50247E-01| 6,648366-01 | 6,35507E-01 | 6.29207E-01 | 6.239791--01 | 6.21766F01 6:20098E-01 
3 Qe 9.37294E-O1 | 2.491798+001 3.99977F+001 5. 5025RR+001 7.79 +00! 9.32145E+001 14 ! 
Q, | 1.029068-03] 2.73574B-03] 4.35841E-03 | 6.04128E-03 | 8.558705-03| 1.02340B-02 i ore 4 
¥ | 1.00000E+00] 1.000008+00) 1.090008+00} 1,00000E+00] 1.00000E+00] 1.00000E+00} 1.00000E+00 
Icp |3 3 la 3 3 3 3 
G,_ |6.18993E-01| 6.114834-01 | 6.09384B-OL | 6.08303E-01 | 6.073576-01 | 6.06940B 01] 6.06617E01 
Qm | 8-27593E-01 | 2.45268B200| 4.07376E+00| 5.69314E+00| 8.120426+00| 9.73780E+00] 1. 13547H+01 
"|G, | 8284 15-4) 2.455118 03) 4.07779%-03 | 5.69878E-03 | 8. [2846E-D3| 9.747453] 1. 13660E-02 
Y__ | £.00000B+00| £.000008+00 !.00000£+00} 1.00090H+00] 1.000008+00] 1.000000} 1.00000E+00 
Icp |3_ 2 2 2 |2 2 2 
G, | 6.101148-01] 6.068838-01 | 6.059218-01 6.05410E-01 | 6.04954E-01 | 6,04749E-01| 6.045895-01 
ox TO4262KAN | 2.37019RL00} 3.944057400] 5.5170 LE+00] 7.87550E+00| 9.44740B+400] 1.161918401 
"|G, |79sodge-c4l 2.372548-031 3.04 5.52248E 03) 7.88331E-03 | 9.45676E-03) 1.103008-02 
¥’_ | 1.00000E+00| 1.00600R:+00] 1 00000E+00| 1.00000E+00| 1.00000E+00] 1.c0000E+00) 1.00000E+-00 
Icb |2 2 2 2 2 2 2 
55.37 K, Pr= 013255405 Pa, Cz [6.10013E-01 | 6.06855E401 | 605947601 | 60549801 | 6.0516 16-01 | 6.05063E-01| 6.05044E-01 
Pry = 2.1181 kgf, je = 13070R-05 Pa-s,| g, | 3.74425E-02] |.10105E-01 | 1.77766E-01 | 2.37218E-01 | 3.0389 1B-01 | 3.285835E-01| 3.33667E-01 
3198, paz L86I31 kgm? Q, | 2.01162B-02] 5.91544B-02| 9.53060E-02 | 1.27447E-O1 | 1.632676-91| 1.76534E-01| 1.79265E-01 
Y | 9,98166E-01 | 9.83496E-O1| 9.54155E-Ol | 9.101441 | 8.16621E-01 | 7.35935E-01| 6.40S78B-01 
| Icp |2 2 _|2 2 2 2 2 
Tp 283.15 K, Pra 6 ROLIGEHOS Pa, G, lear §.05686R-01! 6.04900g8-01 | 6.04633E-0116,043088 O1l é.o4i6sH 61] 6.04055E 01 
Pip = 4.9831 kglin?’, 4c= 1,057QH-05 Pa- S| Gq | 5-73808E02/ 1.71 1458-01 | 2.837248 01 | 3.94469E-01 | $.55628E-01 | 6.5873 1E-01| 7,57540E-01 
= 1.3622, py = 0.70817 kefi® Q, | 8.102691-02} 2.41672E-01 | 4.00644%-01 | 5.57026E-01 | 7.84596E-01 | 9.30) 88E-01| 1.06971B+00 
Y | 9.997398-01) 9.976500-O1 | 9.93472E-01 | 9.87205E-0i | 9.73889E-01 | 9.62400E-01 | 9.48822E-01 
Icb |2 2 2 |2 2 2 2 
K, Pr= 6. 80476E106 Pa, G, _[607945E-01] 6.05680B-01 | 6.04988E 01| 6.046176 01| 6.042836 91 6.04132E -01| 604014001 
5 kfm’, i= L.5430B-O4 Pas] g,, | 8.293 18E-O1 | 2.47871+00| 4.12645E+00| 5.77348E+00] 8.24327E+00] 9.88945E+00| 115354401 
10, Py= L-86134 kei? Q, | 4.45556B-01] 1.33170B+00] 2.21696E +00 3.10184E-+00| 4.42875E+00| 5.31317E+00] 6.197485+06 
¥ | .00000E+00] 1.000006+00] 1,090008+00] 1.00000E+-00] 1.00000E+00] 1.00000F+00! 1.000002+00 
Icb |2 es es eB 3 {2 2 2 [2 | 
T= 355.37 8, Py 1378058406 Pa, Cj | 6.06348B-01 | 6.04768E-01 | 6.04275E-01 | 6.0401 0E-01 | 6.03770E-D1 | 6.03663E-01 | 6.03579E-01 
ri f ‘d 
S, = L3S208 Gn | LAGGGOH-O1) 4.389018 O1| 7,28478B-O1 | 1 6161 (POO! 1440980400! 1718475400! 1.990295.00 
pe iaiie py = 1.86131 kgm? ), | 7.87986E-02| 2,355286-01 | 3.91379E-O1 | 545913801 | 7.74174E-01 | 9.2326 1-01] 1.06929E+00 
9.99865E-01 | 9.98787E_-OL| 9.9663 1£-01 | 9.93397E-O1 | 9.86525E-01 | 9.80597E-01 | 9.73590E-01 
icp [2 2 2 12 2 z 2 7 
T= 283,15 K, Fy=3.447385+06 Pa, ; | 6.06213B-01] 6.046906-01 | 6.04213E-01 | 6.03955E-01 | 6.03721E-01 | 6.03615E-01 | 6.035331-01] 
Pip = 26.627 kg/m, = 1,.1310B-05 Pa-s,| ¢_ | 132290801] 3,95711B-O1 | 6,58446E-O1 | 9.20274E-01 | 1.31066E+00] 1.56888E+001 1.82510E+00 
A= 1.3622, p,=0.70817 kof? Q, | £.86805E-01 | 5.587808-01 | 9.29785E-01 | 1,25951E+00] 1.850776+00| 2.21540E+00| 2577211400 
¥ | 9.99948E-01] 9.99530E-01 | 9.98694E-0L | 9.9744 1E-01 | 9.94778B-01 | 9.92480B-01| 9.89764B-01 
Icn |2 2 ? 2 2 2 = 2 
Ty= 338,71 K, Py=6.89416E406 Pa, G; | 6.061038-01 6.046276-01] 6.04164E-01 | 6.03913E-01 | 6.03685E-01 | 6.03581F01| 6.03500H01 
i ye 
Pip 44.168 kg/tm?, 12 = 1,3650E-05 Pars, | qq | 1,70678E-01] 5.10687E-01 | 8.50135E-01 | 1.18893E+00| 1.695590] 2.032028+00| 2.367 14E+-00 
5 1.2622, fy ~ 6.70817 kept G, | 24W1SRO1) 7.21 1368-01} 1200478400) 1.678908+00 2.86939E1 00) 3.3426 100 
Y | 9.99974B-01] 9.99765E-01 | 9.99347E-OL | 9.98720E-O1 | 9.97389E-01 | 9.96240E-01| 9.948828-01 
icp |2 2 2 2 2 2 _ {2 
Tra 333,15 K, Pye 137899E407 Pa, CG  |6.059062-01 6.04511E-01 | 604072801 | 6.03833E-01 | 6.03616E-01 | 6.03517E-01| 6.034391 
Pip = 520.04 kg/m, W=4,1710E-05 Pa-s,| gq, | 5.85371E-O1! 1.752091+00} 2.918018+00) 4.08350E+00] 5.831625 +00] 6.99680E+00| 8 16188F+00 
£210, p, = L86131 kein! OQ, | 3,14494E-011 9.41319B-O1} 1.56772E+00! 2.19394F+001 3, 13307F+001 3.75907F-+00! 4385075400 
| Y | 1,00000E+00| 1.000008+00) 1.00000800] 1.00090#+00] 1.000002+00] 1.60000E+00 
icp |2 2 2 2 2 2 
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124 GHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-6—Selected Round Robin Test Results Matrix—SI Units 
(Dy = 0.102270 m, a = 0.00001116 m/m-K, d,, = 0.054570 m, o, = 0.00001665 m/m—K) 


lca | Pa, 
wy Condittans Valix: i 559.5 5035.6 13987.7 27415. 55950.8 80569.1 109663.5 
=25537K, Fy G_|2.15059+06) (49685E+00! 1.26854i+00/ 1176308100 1.075848: 00] 1.030858 100] 9.95884E 01 
32.26 kein", I a Gy | 5393216400) 1.11758E+01] 1.60041T+0 || 2.0494 1-01 }2.67747E+01| 3,07863E+0!) 3.46989E+01 
1.0, 2, = 910,83 Seles’ Q, | 5.87728B-03 {.22699L-02| 1.76039E-02 | 2.250SE~02 | 2.93959E-02 | 3.38002E~02| 3.80059F-02, 


1,00000E+00} 1.00000E+00) 1,.0000E+00) 1.000000) 1.00000E1-00) 1.000000) 1.000008+00} 
6 5 5 A 4 4 -4 

11.113968400] &.79898B-O1 | 8.08397E-01 | 7.704¢66:-01 | 7.36338%-01 | 7.20837E-01 | 7.08548B-01 
| 2,73897E400] 6,490451:+00| 9.93836E+00] 1320051301] 1.81049E+01| 2.12686H+01| 2.43903E+01 
3.007121+-03] 7,12586E-03} 1,091 (3L-02| 1.45587L-02| 1.987745-02 | 2.93508E-02| 2.6778 1E 02 
| 1.0000084.00) 1.00000E-+00) 1.00000E-+00) 1.do0n0-00) 1.0000014-00] 1.000040} 1.9000N+00 
cD [4 4 4 3 3 

01325E+05 Fa, © |7.21730E-01] 6.42738E-01 | 6,29512E. 6.18542E-01 | 6.171978-O1 


1.78839E+0i) 2.082502+01 


3 HL AS0EH02 Pers, | gy | 17. +00 17E+00 
0, Py = 910,83 kgm? Q, | 1.90976E-03] 5.10215E-03 | 8,32855E-03] 1,156721-02| 1,641390-02] 1.96402E-02| 2.28637E-02 
¥ | 1,00000E+09} 1,00000E +00] 1.00000E+-00| 1.00000E1-00| 1,00000E1.00] 1.00000E+00] 1.00000E+00 
{ Icb |-3 [3 3 3 3 3 2 
Tp 288.71 K, Pre 1.01325E405 Pa, CG, | 6.16303E-01) 6.1017 1E-01| 6.084306-01 | 6.07527E-01 | 6.06732E-01 | 6.06380L-01 | 6.06107E-0L 
1= 1.1990E-03 Pers, | g,, | 1589535400! 47213484001 7.846440] 1.09687F+011 1,56491P-+01] 1.876207+01 2.18861E+01 
: 999,01 (kgm? Q, | 1.59116B-03] 4.72602E-03] 7.85420E-03 | 1.09796E-02] 1.56646E-02] 1.87866L-02| 2.19078E-02 


¥ 1,00000E+00] 1.00000E+00} £.000001+00} 1.00000E+00) 1.00000F+-00) 1.00000E+00} 1.00000E+00) 


Ie |2 2 2 2 2 2 2 
T= 372.01 K, Fes 1.01325R+05 Pa, C, | 6.09037B-01 | 6.06333£-01 | 6.055 16E-01 | 6.0508 1E-01] 6.04690E-01 | 6.045 141-01 } 6.04377E-OL 
41,75 Keim’, f= 2.8250K~04 Pars, |g, | 1.592992B+00| 4,56822F+00] 7.603436+00] 1,06372E+01] 151861401] 1821805401 | 2.12495E+01 
1.0, 9, = 999.01 kg/m? Q, | 1.53103L-03] 4.57275E-03| 7.61097E-03 | 1.06477E-02 | 1,52012E-02) 1.82361 02] 2.12706E-02 
¥ 1,0QUODE+00} 1,00000B+00) 1.00000E+06) 1.000006+05) 1.00000E+00) 1.00000E+00} 1.00000E+10) 
Ich |2 2 2 2 2 2 2 
T= 255.37 K, Fp 1.01325E+05 Pa, C; | 6.08953E-01 | 6,06309E-01 | 6.05539E-01 | 6,0515GE-01 | 6.04868E-01 | 6.04784E-01 | 6.04768E-01 
Pt 1181 kg/m? n f= 1.3070E-05 Puss, | qy | 7.21053E-02| 2,12213E-01 | 3.42698E-01 | 4.57356E-01 cp eenae 6.33557E-O1 | 6.43243E_-01 
A= 1.3198, fee LRA hgh! 2, | 3.87300R-02) | 1401301) Le4117B 01) 2.45717B-O1) 3, 14800F - alle 
9.98 166E-O1 9,83494E-O1 9.541 50E-01| 9.10134F 01] 8.16599E-01 | 7.35903E-0L ea 
IcD |2 2 2 2 2 2 
te 283.15 K, Fy 6.89476E+05 Pa, | 6.07230E-01 | 6.05317E-01 | 6.04729E-01 | 6.04415E-01 6.04155L-O1f 6.0401 1L-OL ea 
9831 kg/m, sl nealieast Paes, | diy 1,10563E-01 + 3.29957EB-01 | 5.470910! | 7.60700E-01 | 1.07156E1-00) 1.27044E1-00] 1.46103E+00} 
3622, Py = 0.70817 kg/m? Q, | 1.56t25T-01 | 4.65929B-01 | 7.72542F-01 | 1.07418E+00 1.513 1461-00] 1.79397E+00] 2,06311B+00 
9.99739E-01| 9.97650E 01] 9.93471B-0! | 9.87204E_01 | 9.73885E-01 | 9.62395E-01 | 9.48815E-O1 


2 2 2 2 2 2 2 
S.072278 O11 G53! 1E-O1 6017208011 6.044018 01] 6.041 1ar-o1l 6.908208 BOE-O1 
1.59796E+00| 4.77879E+00| 7.95685E+00] J.11337E+01) 1,58977E141| 190732101] 2.22482E+01 
$.58511B-O1/ 2.56744E+00| 4.27487E+00] 5.98 166B+00] 8.541 15E+00] 1.02472E+01) 1.19530E+01 


1,00000B400) 1,00000B+00) 1.00000R+06) 1.00000B+00) 1. Q0000E+00) 1.00000E+00) [.COG0OE+ OC 


2 2 2 2 2 2 2 
[p53 255.37 K, Pps 1.37895E+06 Pa, G [6.058791] 6.0453 1L-01 | 6.041070-01 | 6.03877E-01 | 6.03669E-01 | 6.03576E-01 | 6.03503E-01 
Bap = 32.783 kgf’, f= £35208-09 Pa-s,| gq | 2.827218-01) 845373801] 1404920400) J.95976E4 00] 2.77934E+00) 3.314640] 3.836991+00 
k= 1.3198, p,= 1.86131 kgf’ Q, | 1.51894E-O1] 4.54182E-01] 7.54803B-0) | 1.05289E+00] 1.49322E+00] 1.780815-00| 2.062528+00 
9.99865B 01 | 9.98787B-01 | 9.9663 1-0 | 9.933971-01 | 9.86524E-O1 | 9.80594E-O1 | 9.73587E-01 

Icb | 2. 2 [2 [2 a 2 2 
3.44738R+06 Pa, G,_ | 6.05765E-01| 6.044648:-01 | 6.04053E-01 | 6.03829-01 | 6.03626E-01| 6.03534E-01 | 6.034621-01 
j= 11310005 Pars,| g,, [| 2.55014E-01) 7.63086F-01 0} 1.77494E-00) 2.52801E+00] 3.026 14H+00) 3.52042E+00 
= 0.70817 kgf? Q, | 3.60102B-01] 1.07755E+00| [.79318F+00] 2.50638E+-00] 3.56978E+00| 4.273 19E+00| 4.971 15E+00 
¥” | 9,99948E-01| 9.99530-01 | 9.986948-01| 9.97441B-01 | 9.94777E-01 | 9.024705-O1 | 9.89763E-01 

Jey | 2 P 2 2 Pj z z 
‘Tp= 338.71 K, Fy=6.89476E+06 Pa, | 6.05671E-01 | 6.044108-01] 6.04010E-0: | 6.03793F-01| 6.0359413-01 | 6.03504B-01 | 6.03434E-O1 
! .16R ke/m!, = 1.3650E-05 Pa-s,| g,, | 3.29024E-01] 9.84818E-01| 1.6395901 00] 2.293 16F100| 3.27050, 00} 3.91949E.00] 4.56897E 100 
B= 1.3622, p= 0.70817 kgf? Q, | 4.64611B-01] 1.39065E+00] 2.3 15251400] 3.238 15E+00] 4.61824E+00| 5.53467E+00] 6.44756E+00 
Y | 9,99974E-01) 9.99765B-01 | 9.993471-01| 9.987208-01 | 9.97388E-01| 9.96239E-01] 9.94881 5-01 

icp {2 2 2 2 4 2 2 
= 333 15 KG Pps 1.37895E407 Po, CG; | 6.05504E-01 | 6,04310F-01 | 6.039318-03 | 6.03723E-01 | 6.03534E-01 | 6.034481-01 6,03381E-O1 


e 
eS A a a a ES CG 


4.17108-05 Pas | gy 7,87630E+00] 1.12483E+01] 1349618401] 1.57436E+01 

iegim? Q, | 4.231 5SE+00) 6.043246E400) 7.25085 E400) 8.458378+00, 

F¥ | 1,000008400] 1,00000E-+00] 1.00000E+00] 1.00000E+00] 1.00000E+00] 1.000002+00] 1.00000R+00 
2 a M 2 2 2 2 


L 


+00} 


kel, eb. 


5 
ie} 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 125 
Tabie 4-C-6—Selected Round Robin Test Results Matrix—S! Units 
(Oy = 9.202728 im, dy = 0.00001116 méN-K, dy = 0.107950 tm, oy = 0.00001665 mm) 
cen | = Pa 
Flow Conditions Value | 559.5 5035.6 13987.7 27415 55950.8 80569.1 109663.5 
‘T7= 255.37 K, Pp= 1.01325E+05 Pa, G, | 1.70699+00] 1.22893E+00] 1.07845E+00] 9.98074E-01 | 9.264808-01 | 8.94613E-01| 8.69903E-01 
Pip = 932.26 phn, t= 1.8650 Pa-s, Gn | 1.66182E+01 3,58929B+01 | 5.24964E+01| 6,80173E+01 | 9.01975E401 | 1.04514B+02] 1.18565E+02 
kS—1.0, py =910.83 kof } | 1.82452E-02| 3.94068E-02| 5.76358E02| 7.46762E-02| 9.90278E-02] 1.14746B-01 | 1,.30173E-01 
¥_ | 1.000008+-00] 1,09000E+00] 1.00000E+00] 1,00000E+00| 1.00000E+00] 1.00000E+00] 1.00000E+00} 
Icb |-5 3 4 +4 -4 4+ 4 
Ty=293. 15K, Pp= 1.0132SB405 Pa, G, | 9.53571B-01]7.82145-01| 7,3722¢E-01 | 7.09365E-01 | 6.83074E-O1 | 6.70437E-01 | 6.59971E-01 
5 Gy | 9.17169E+00) 2.2742081-01] 3.54543E+01| 4.776038+01) 657002401) 7.7381 76401 | 8. 88693401 
Q, | 1.00696E-02/ 2,49684E-02/ 3.89253E-02| 5.24361E-02 | 7.21323E-02| 8.49574E-021 9,75696B-02 
¥ | 1.00000E+00) 1.090005+00] 1.000008+00] 1.0000012+00| 1.00000E400] 1.00000E+00] 1.00000E4.00] 
IcD |-4 -4 3 3 =) 4 3 
T= 353.15 K, Pp= 1.01325B+05 Pa, Cy | 6.71164E-01] 6.26888E-01 | 6.20488E-01 | 6.17332E-01 | 6.14663E-01 | 6.13516B-01| 6.12643E-01 
68.43 ka/m®, je= 1.7490E-02 Pa-s,| g,, | 6.32758H+00] 1.77306E+01| 2.924931+01| 4.07407E+01) 5.79494E401 | 6.94095E4+01 | 8.08625E+0! 
0, Pp = 910.83 key? Q, | 6.94705E-03| 1.94665E-02| 3.2) 128E-02| 4.47292E-02| 6.36227E-02| 7.62047E-02| 8.87789B-02 
Y | 1,00000E+00) 1.09000E:-00] 1.00000E+00} 1.000002+00) 1.00000E+00] 1.00000E+00] 1.00000E+00 
icp |-3 3 3 2 2 2 2 
Tp= 288.71 K, Pp= 1013256405 Pa, Cy | 6.12058E-01 | 6,07974E-01 | 6.06780E-01 | 6.06152E-01 | 6.05594E-01 | 6.05345E01 1 6.05151E-01 
Pip = 98. Ol kg/m, .1990E-03 Pa-s,| g,, | 6.17534E+00] 1. 4.28 105E+01)} 6.1 10166401 | 7.32917E+01 | 8.54796B+01 
Oe (a, 999.01 kasi G, | 6.181468-03 E02, GB-02) 6,1 1621E-02) 7.33644E02) 8.55643E-01 
¥” | tLooo002+00| 100000800 1.00000E+00] 1.00000E-+00} 1.00000E+00] 1.00000B+00 
IcD |2 2 2 2 _|2 2 
Tp= 372.04 K, Py= 1.01325E405 Pa, G, | 6.07200E-01| 6.05311E-01 | 6.04728E-01 | 6.04414E-01| 6.04130B-01 | 6.04001B-01 | 6.03901E-01 
41.75 kein, {4 2.8250E-04 Pas,| dq, | 5.96515E+00] 1.78400E+01| 297046B+01 4 156488401 $.93504E401| 7.12093E401 | 8.30589R401 
0, 2, = 999.01 kyAn? Q, | 5.971603] 1.73577E-02| 2.97340R-02 4. 5,94097B-102 | 7,12758E 413B-02 
¥ | 100000800] 1.09000E+00] 1.00000E+00} 1. 1.00000E+00] 1.00000E+00] 1.00000E+00 
IcD |2 2 2 2 2 2 2 
37 K, Py= 1013256405 Pa, Cy | GO7LS1E-O1 | 6.05294B-0i | 6.047448-01 | 6.04408E-01 | 6.04259E-O1 | 6.04198E0i | 6.04186E-0i 
ALLS1 kg/m, f= 13070E-05 Pa-s,| gq» | 2.81224E-01| 8.23757E-01| 1.33885E+00] 1.78716E+00| 2.29006E+00] 2.47644E+00) 2.51498E+00) 
3198, py = 1.86131 kg/m? Q, | 1.S1089E-01] 4.45255E-01| 7.19306E01| 9.60161E-01 | 1.23035E+00] 1.330482+00] 1.351 19E+00 
Y — | 9.98167E-01 | 9.835034-01 | 9.54174E-01 | 9.10182E-01 | 8.16697E-D1 | 7.36044E-01 | 6.40726E-0! 
Icy | 2 2 2 2 2 2 2 
C, = |6.05944B-011 6.045846-011 6.04 158F-0T! 6.03998F 1 | 6.03722E 1 | 6.03631F-0116.03561E 05 
s,| g,, | 4.31588E-01] 1.289178+00| 2.1381 LE+00| 2.97335E+00| 4.188941+400| 4.96670E+00] 5.7121 1B+00 
Q, | 6.09441B-01] 1.82043F+00| 3.01921E+00| 4.19864B+00] 5.91517E+00] 7.01343E+00] 8,06601E+00 
9.99739B-01] 9.97651E-01) 9.93475E 01] 9.87211E 01] 9.73899B-O1 | 9.62415E-01 | 9,48843E-01 
2 2 2 2 2 
6.04151E-01| 6.03018E-01 | 6.03706E_Ot | 6.03610E-01| 6.03534E_01 
3.10066K+01] 4.35 184+01 | 6.21473E401| 7.45648E+01] 8.698 4E+01 
Q, | 3.35124B+00) 1.00312E+01) 1.67068E+01) 2.33805E+01| 3.33890E401 | 4.00604E+01| 4.673 13B+0L 
¥__ | 1.00000E+00| 1,09000E+00] 1.00000E+00] 1.00000E+00} 1.00000E+00] 1.000002+00] 1.00000B:-00] 
Icb |2 2 2 2 2 2 Be sell 
G, | 6.04988E-01] 6.04014E-01] 6.03702E-01 6.03531E-OL} 6.03377E-O1 | 6.03307E-01 | 6.03253E-0: 
83 kas S205 Ge | LM SP SO4 RENO 402 Ann QE+00) 1.0867 1EO1) 1.20607E 100) L SOT 14601 
3198, py= 1.86131 ign Q, | 5.93308E-01] 1.775 16E+00] 2.95069E+00| 4.11640B+00! 5.83841B-+00] 6,.963205+00) 8.06499E+00 
¥ | 9.99865E-01| 9.98788E-01 | 9.966331-01 | 9.93400E-01 | 9.8653 1B-O1 | 9.80605E-01 | 9.73601E-01 
ICD | 2 2 2 2 z 2 2 
T= 283,15 K, Py=3.44738E+06 Pa, Cz | 6,04906E-01 | 6.0396413-01 | 6.03662E-01 | 6.03496E-G1 | 6.033458-01 | 6.03276E-01 | 6.03222E-0: 
6.627 kgim®, = 1.1310E-05 Pa-s,| g,, | 9-96155E_01 | 2.93259E4.00| 4.964331+00| 6.93945E+00| 9.88456E100] 1.18327E+01] 1,37659B401 
3622, py = 0.70817 kg/m? Q, | 1.40666E+00| 4.21 169E+00| 7.01009E+00| 9.79913E+00] 1.39579E401| 1.67089E+0t] 1.94386H+01 
Y | 9,99948E-01] 9.99530E-01| 9.98695E-01 | 9.97442E-01 | 9.94780E-O1| 9.92483E-01 | 9.89769B-01 
Icp |2 2 2 2 2 2 2 
Ty= 338,71 K, Pye 6.89476E+06 Pa, Cy | 6.04839E-01 | 6,03925E-01 | 6.03630E-01| 6.03469E-01| 6.0332 1E-Ot| 6.03254E-01 | 6.03201E-01 
4.168 kg/m, Jes 1.3650B-05 Pa-s,| g,, | 1.28531E+00| 3.849351+00| 6.40975E+00} 8.96563E+00) 1.27878E+01| 153260E+01| 1.78544E+01 
3622, iy = 0.70817 kgf? Q, | 1814981400) 5.435628+-00) 9.051 15E+00) 1.266038401) 180576401) 2.1641 7E+01) 2.52121E 401 
¥ — |9,99974E-01| 9,99765E-01 | 9.99347E-O1 | 9,98721E-01 | 9.97390E-O1 | 9.9624 1E-01| 9.94884E-01 
Icp |2 2 2 2 2 2 2 
Ty= 393.15 K, Pps 1.37895E+07 Pa, G, | 6.047198-01] 6.03852E-01 | 6.03571E-01 6.034172-01 | 6.03276E-O1 | 6.03212E-01| 6.03161E-01 
20.04 kg/m, p= 4.1710E-05 Pas,| day | 4.40876E+00) 1.320744 01] 2.20021E+01] 3.0795 LE+O1} 4.398271:+01 | 5.27736E401| 6.15639E+01 
0, = 1.86131 kpém? Q, | 2.36863E+-00| 7.09577E100| 1.18208E+01] 1.65448E+01 | 2.36300E401| 28352964011 3.30756E+01 
yY | 00000800] 1,00000E+00] 1.c0000E+00] 1.00000E+00} 1.000006+00) 1.000005+00] 1.00000E100 
Icp |2 2 2 2 2 2 2 
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CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-6—Selected Round Robin Test Results Matrix—S! Units 
(Dy = 0.363513 Mm, O = 0.00001116 m/m-K, d= 0.193675 m, oy = 000001665 m/m-K) 


Colt Pa 
Flow Conditions vate 559.5 5035.6 13987,7 27415. 55950.8 80569.1 109663.5 
255.37 K, Pro 1.01395B405 Pa, G 1,49469R+001 1,061 00F+00! 9.47960E-01 | 8.87985E-01 | 8.34766E-01 | 8.1 1098E-0117.92724F-01 
932,26 kgfin?, H 8650 Pas, Gu | 4465008401] 9,97565B+01] 1.48547E+02) 1.94 808E+02) 2.6161 F402) 3.0504 1K+02) 3.4781 9402 
= 10, p= 910.83 kpym* Q, | 4.902128-02] 1.0952313-01] 1.63090E-O1 | 2,13880E-O1 | 2.87231 FAM | 3.349041 | 3.8187 1E-01 
¥ 1,.000007+00) 1.000010] 1.00000E+00) 1.000008+00] 1.00000E+00} 1.00000H+00} 1.00000H200; 
icD |-5 4 4 4 a4 fel 
Tp= 293.15 K, Pye 1.01325E405 Pa, Gy | 8.54889E-01 | 7.312406-01 | 6.91 138E-C! | 6,67583E-01 | 6.43391E-01 | 6.36079E-0l | 6.32963E-01 
907.60 kg/m, = 2.1220E-Ol Pa-s,| g,, | 2,64698E+01] 6.79246E+01| 1.05999L+02) 1,44693H+02 1.99214H402) 2.56.540F402) 2 TORI 
25-10, Pp — 910,83 kg/m" Q, | 2.90819109] 7.457440] 11747411] 1 SRNS9R—O1 | 2.187170 | 2.5947 7F AH | 3.01240F-01 
¥ 1,00000F+00) |.N00C0R+-00) 1.09000E+00] 1.00000E+00] 1.00000L+00] 1.00000E+00] 1,CO000E+00 
IcD |-4 33 33 a3 -3 3 3 
Ty= 353.15 K, ig 1.01325E+05 Pa, G, | 6.36316E 01] 6.1988 tB-O1| 6.15544E-01 | 6,13373E-01] 6,1 1517E-O1 6.10712E-O1 | 6.10096F-01 
4 = WT490E-02 Pas.) gy | 493120EHO1) 5.6440181 04) 9.34084E OL) 1.3031 11402) 1.85505E402) 2.22420R+02) 2.50220R402 
Q, | 212026602} 6.19656B-02] 1.02553E-01) 1.43068E-01 | 2.03764E-01 | 2.44195E-O1 2.84607E-01 
¥ 1.000008+-00] !.00000E+00} 1.000005+00) 1.00000K+-00) |.000008+00) 1.0000GE+00) 1.00000E+00 
icp [33 3 2 42 12 2 2 
Ty= 288.71 K, Py= 1,01325B+05 Pa, G, | 6.09680E-01 | 6.06737E-01 | 6.03855E-01 | 6.05387E-01 | 6.04967E-01 | 6.04779H-01 | 6.0463 1E-O1 
999.01 kgf, a= 1. 1990803 Pas, | dy 1.08023E401{ 5.91206R+01] 9.83909F+01| 1.37641E+02] 1.96499F402| 2.3571 8E402| 2.74938E+02 
1.0, p= 999.01 Heal? Q,. | 198219502 | 5.917928-02| 9.84884E-02| 1.37777E-O1 | 1.96688E-01 | 2.35952E-01 | 2.7521 0E-01 
= 1.00000E+00} 1.000C0E+00) 1.00000E+00) 1 .0OCOOE+00] 1.00000E+00] 1.00000E+00} 1.00000E+00) 
icp 13 2 2 2 2 2 2 
Tr= 372.04 K, Py= 1,01325B405 Pa, ©) | 6.061676-01 | 6.047548-01 | 6,02309E-01 | 6.04068E-01 | 6.03848E-01 | 6.03749E-O1 | 6.036708-01 
-§2508-04 Pars, 1.917020+01 7720401) 9.55581 E464] 1.33728E+02| 1.90970E+02| 2.29127E 102] 2.67280E +02 
1.9) 892F02 | 5.743408 02 | 9.5552RE 402) 1.33860E-O1 | 1.91 160R-Oi | 2.299540 0) | 2.67544E01 
1.00000B+00} 1.00000B+00] 1.00000R+00] 1 .COCCOE+00] |.00000E+00} 1.00000F+00] 1.00000E+00 
2 2 2 2 2. 2 
6.06122E-01 | 6.04740E-01| 6.04321-01 | 6,04109E-01 | 6.03948E-01 | 6.03901E-OL | 6.038920} 
9,03792B_01 | 2.66547E+00} 4.30695E-+00) 5.74968E-+00| 7.36808E400] 7.96775E+00] 8,09156E+00| 
4.85568E-01 | 1.43204B+00! 2.31394E+00] 3.08905F+00! 3.95855E+00] +.280726+00] 4.34724E+00 
9,98167F-0 | 9.83560F-01 | 9.5416RE-G1 | 9.10168E-01| 8.16670E-01 | 7.36005E-OL SATE DI 
2 2 2 2 2 Zz 
GU573 1 BOR SSELOl| GOSS TOR nh GOGO IE=OL) GgSSiE-Ot eGo gSROL EST 
Pip = 4.9831 kali’, hel 0670-05 Pa-s,{ q,, | 1.38772F+00] 4. 147438400] 6.87968E+00| 9.56798E+00} |.34806B+01; 1.5984 F401) 1.23834E+011 
k= 1.3622, py= 0.70817 kg/n* O, | 1.95959B1.00| 5.85654E+00] 9.71472E+00} 1.35 109F+01} 1.00359E401 | 2.25709E401| 2.59590B+01 
Yy 4.Y9739E-O1 | 9.0765 1B-O1 | 9.93474E-01 | 9,.87209R-0} | 9.73896E-O1 | 9.624 10-01 | 9.48835E-01 
Icb |2 2 2 2 2 2 [2 
Ky Frm §,89470E+06 Pa, G ~ |6.052298-01/ 6.04195e-01] 6.03865E-01| 6.03684E-01| 6.03518E-01 | 6,03443E-01 | 6.03383EDL 
1042.35 kg/m}, H=l 5430204 Pa-s,! gy | 2-00566B+01| 6.00678E+01) 1.00058E+02) 1.40039F-+02| 2.00001 F402} 2.3997 1E+02] 2.79939B+02| 
.0, py = 1.86131 kgAn? GQ, | 1.07755E+01] 3.227 18B+0!| 5.47567F401 1,07452E4+02) 1.28926E+02] £.50399E+02| 
wu 1000008100 10EB+004 1 100E +00! OF 1 .0O0KNE+60! 1.000008400! 1.000008100 
ICD |2 2 2 2 2 
T= 255.37 K, Pye PS7BSEA06 F Pa, GQ Sosso7E a 6.03758E-01 | 6.03515E-OL 6.03260F-01 | 6.03205E-01 | 6.03162E-01 
kgm’, =i ut i 460i A7E+Oi SA9763E401 | 4.17 SSE | 4.831 OBL 
£2 13198, p,= 1.86131 kg/m? Qa, 7 o0gasie100 5.712.146+00] 9.49584E+(K)) 1.87912E+01 | 2.241 19401 | 2.59586E+01 
¥ 9,99865E-01 | 9.98788E-01 | 9.96632E-01 | 9.93399E-01 | 9.86529E-01 | 9.80602E-01 | 9,73597E-01 
IcD |2 2 2 2 2 12 2 
T= 283.15 K, Ppa 3.447380406 Pa, G, | 6.04445E-01 | 6.03720E-01| 6.03483E-01 | 6.033548-01 | 6.03234E-01 | 6.03180E-01 | 6.03137F-01 
Dry = 26.627 Kafm?, p= 1,13108-05 Pas,! g,, | 320435100] 9.5976 1B 001 1. so7é4rt401! 2.233d0R01| 3.18 149E401 | 3.80856E401| 443085401 
13622, y= 0.70817 kgm? O, | 4.52484B+00] 1.35527E+01) 2.25601E+01) 3.15377E+01) 4.49247E401 | 5.37802E401| 6.25675E4+01 
9,09948E-01 | 9,99530B-01 | 9,98695E-01| 9.97442E-O1 9.94719E-01 9.92482E-OL BieiomeOl 
PRED 2 el 2 2 2. 
T= 338,71 K, Py 6.894 760406 Pa, G, | 6.04394E-01] 6.03689E-01) 6.03459E-C1] 6,03332E-01 6.05216E-011 603163801 6 03131EDI 
1 = 44.168 kgf’, He 1 B6S0E-G5 Pas,| gj, | 4.13461F+00] 1.238¢9R+01] 2.06283F+01] 2.88554E+01] 4.11591E401 | 4.93297E401| 5.746896+01 
1.3622, py = 0.70817 kgf? Q, | S.B3844E+00] 1.74914E+01| 2.91290E+01| 4.07465E+01| 5.81204E+01| 6.96580E+01 | 8,11513E+01 
¥ 9,99974B-01| 9,99765E-01 | 9,99347E-C1 | 9,98721E-01 | 9,97389E-01 | 9,96241B-OE | 9.94883B-01 
IcD |2 2 2 2 2 2 2 
T= 333.15 K, Pp= 1.37895E+07 Pa, G | 6.04302B-01 | 6.03632F-01 | 6.03413E-G1 | 6.03292E-01| 6.03180E-01 | 6.03128E-01 | 6.03089E-01 
= 520.04 kl 1710E-05 Pa-s,| gq, | 141828101 | 4.25016E+01| 7.08101E+01) 9.91142E+01] 1.41566E-+02| 1.69864E+02) 1981626402 
A ? Q, {EGIOTOHLOO) 2283422101) 3.80431 E TOL) 532497H+0L) 7.605 70R01 | 912606201) 106464n402 
Y¥ 1,00000E+-00} 1,00000E+G0} 1.09000E+00} 1.00000E+00) 1.00000E-200] 1.00000E+00) 1,00000E+00) 
ICD 42 2, 2 2 2 2 2 


Copyright por American Petroleum Institute 
Sat Nov 03 21:57:29 2001 


API MPMS#*14.3.4 92 MM 0732290 0506413 299 


Copyright por American Petroleum Institute 


Sat Nov 03 21:57:31 2001 


| SECTION 3—CONGENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 127 
ee Table 4-C-6—Selected Round Robin Test Results Matrix—SI Units 
| (Dy = 0.746150 m, o& = 0.00001116 mim—K, d,, = 0.397669 M, a, = 0.00001665 m/m-K) 
| Pa 
| Flow Conditions 5595 5035.6 13987.7 27415. 55950.8 90569.1 109663.5 
Ty= 255.37 K, Pra 1,01395R-405 Pa, G, | 11662384001 9 10030-0113. a16072-011 7.900778 O11 7.529762 O1! 7.36253H-011 7.23000E-M 
32.26 kg/m’, p= 1.8650 Pa-s, 4m) | 1654101402] 3,6075 1402] 5.4943 [E+02| 7,30790E1.02l 9.9496181-02| 1.167442+03| 1.33766L403 | 
KE-1.0, py = 910.83 Sega Q, | 1.69188E-01 | 3.96068E-01 6.03220E-01 | 8.02334H-01] 1.09237H+00| 1.28173E+00| 1.46861E400 
¥ | £.000008+00) 1.000006 +00] £,00000E1-00 1.00000E+00} 1.00000E:-00) 1.00000B+00} 1.00000L+-00 
Ich |-4 4 4 4 3 3 3 
T= 293,15 K, Py= 1013258405 Pa, Gy | 7.67058E-01 | 6,76588E-01 | 6.41762H-01 | 6.326516-01| 6.267348 01] 6.242368 01] 6.22355E-01 
Pip = 907.60) kgsin®, f= 2,1220E-01 Pars,| gy, | 1.00136E+02| 2.64980E+02] 4,18899E+02| 5.78134E+02] 8.18181E+02| 9.77902B+02| 1.13745E+03 
k=-1.0, py = 910.83 kegid a, 1,09939B_Ot | 2.60021B_D1 | 4.59900B_01 | 6.34733E_-01] 8.98280B-O1} 1.07364E+00] 1.24880E400} 
¥ | 1,00000R+00] 1.00000E+00] 1.0000CE+-00} 1.00000E+00] 1.00000E+00] 1.00000E+-00] 1.0000084.00 
icp |-3 3 -3 3 3 a 3 
353,15 K, Pra 101325405 Pa, | 6.2438 1B-O1 | 6.14310E-01 | 6.11559E-01| 6.10158E-01] 6.089428. 01] 6.08410E-01| 6.07999E Ot 
68.43 kan’, p= L7400E O2Pas,! g, | r9gosono1| 2.25824 :021 3.912798 1021 52653624021 7.792 10H: 021 9.34233E +02! 1.08920E+03 
0, Py = 910.83 kefn? Q, | 8.77177E-02| 2.5891 15-01 | 4.29585E-01 | 6.00041E-01] 8.5549412-01) 1.0256913+00] 1.19584E+00 
¥ | 1.00000E+00) 1.00000E+00] 1.00000E+00) 1.00000E.00) 1.00000E400} 1.000000} 1.00000R-+00] 
ICD jx3 2 z z 2 z 2 
Ty= 288,71 K, Pra 1,01325E405 Pa, G | 6.077208-01 | 6.03713E-01 | 6.05095E-01| 6.04763E-01| 6.04464E-01 6.04328E-01 | 6.04222E-01 
999.01 kof, r= 1990-03 Pa-s,| 4, | 8.32219F+01 | 2.48844E402/ 4 143 16E402| 5.79724E402| 8.27766E+02| 9.93096H+02| 1.15841 F403 
0, 9,=999.01 tegin? @, | 8.33044E-02 | 2.49090E-01 | 4.14726E-01 | 5.80298E-01| 8.28586E-01 9.94080E-01| 1.15956E+00 
FY | 1.000008-+00) 1.00000E+00/ 1.00000E+00| 1.00000E+0] 1.00000E+-00} 1.00000B:-00] 1.0¢000E+00| 
ICD |2 2 2 2 2 2 2 
Ty 372.04 K, Py= 1.013256405 Pa, G | 6.05316E-01 6.0431 LE-01 | 6.03989E-01 | 6.033 12E-01| 6.03651E-01] 6.03577B-01| 6.03519E-01 
Pip = DAL. 75 kaj’, He 2.8250E-04 Pa-s, In 8.07 120E+01 | 2,41737E+402] 4.026780402) 5.63585E+02) 8.04907F+02] 9,65770L+02| 1.126620+03 
kS10, f= 999.01 kein? G, | 8.079208-02} 2.41976E-01 | 4.03077E-O1 | 5.64144E_-O1) 8.0S704B 01 | 9.66727E-Oi | 1.(2774T400 
¥ | 1000008400) 1.00000E-+00] 1.0000CE+00] 1.00000E+00] 1.00000E+00} 1.00000E-00} 1.c0000E+00] 
IcD |2 2 2 2 2 2 2 
Ty= 255.37 K, Pr= 1.01325E405 Pa, G, | 6.05283E-01 | 6.04300E-01 | 6.039962-01 | 6.03842E-01 | 6.03724E-01 | 6.03689E-01| 6.03682E-01 
é Puy = 2.1181 kein’, f= 13070B-05 Pes,| g,, | 3-80529E+00] 1.12300E+01| 1.81492+01] 2.49309F+01] 3105328401] 3.35R0RE+01) 3.41022E401 
= k= 1.3198, ROI31 kel? 2.04442F+00! 6.033368+00/ 9.7507SE+00) 1.30182E+01] 1.66825E+01] 1.80415E+01! 1.83216E+01 
9.98 167E-O1 | 9.83499E-01 | 9.54164B-01| 9.10161B-01| 8.16635E-01| 7.35983E-O1 | 6.40644E-01 
2 2 2 2 2 2 2 
Tj 283.15 K, fy = G.89476E305 Pa, 6.046525-O1 | 6.03907E-01 | 6.0366GE-0i | 6.03535E-01 6.03415E-01] 6.033628-01 | 6.03321 E01 
Pip = 4.9831 kyfr’, f= 1.0670F-05 Pa-s,| g,, | 5.84533R+00! 1,74780E+01 | 2,89963E+01| 4.03300H+01] 5.68260B+01| 6.73809E+01 | 7.749698+01 
4213622, p,= 070817 kein? Q, | 8.25413R-100; 2.46805E+01 | 4.09454E+01 | 5.69496E+01] 8.02435E+01] 9.51480E+01| 1.09433E4.02 
Y¥ | 9,997391-OF | 9.97/650E-D1 | 9.934701 | 9.87208E-01 | 9.73893B-01 | 9.62406H-01 | 9.48831 B01 
ICD |2 2 2 2 2 2 2 
253.37 K, Pyrs'6. 89476E+06 Pa, Gy 6.0465 LE-Ot | 6.03905E-01 | 6.03662E-01 | 6.03329E-01! 6.03406E-01] 6.03349£-0t | 6.03303E-01 
042.35 kgfm? w= 15420F0d Pas| g,, | 8448200401 | 2.53136E402| 4.21723E-+02| 5.9028 1B+02| 8.430872+02| 1.011618+03| 1.18012E+03 
0, p,= 1.86131 kg/m? Q, | 4.53885E+0t 2.26573F402| 3.171 32402 A3493F+02| 6.34029F +02, 
y— | 1.os0n0R+00 10 00000E+00! 1.00000E-col 
Lic [2 2 2 2 2 
[, | 6.04132-01 |6.035831-01 | 6.034038-01 | 6.033038-01 6.031718-01 | 6.03139E-01 | 
783 kg/m", p= 1.3520E-O5 Pa-s,} q,, | 1.49675E+01 | 4.48140E40i | 7. i 871 R+02! 2,03706R+021 
86131 ke/m? G. | 8.041408400, 2.40766E401 | 4.00280R401| 5.58495B401| 792212401) 044877R+01| 1.09442F-+09| 
9,99865E-O1 | 9.98787E-01 | 9.966321-01 | 9.93399-01 | 9.865288-01 | 9,80600B-01| 9.73595E-O1 
2 [2 2 2 2 2 2 | 
| 6.04087E-01 | 6.03555E-01 | 6.03380B-01 | 6.03283E-01| 6.03194E-01| 6.03153E-01| 6.03120B-O1 
1.3S022R401) 4.0asadFa0l | 6.7ad80N401 | 9.41537B101 268102} 1,60569H102! 1 gez088-02! 
1.90663E401 | 5.71253E401| 9.51014E401} 1.32954E+02) 1893981102) 2.26738E+02| 2.63790E--02 
9.99948E-01 | 9.99530E-01 | 9.98695E-01 STAID 9.947 795-01 | 9.92481E-01| 9.89766E-O1 
2 [2 2 Ss 2 a ee 
Tp= 33B.71 K, Pre 6,89476E106 Pa, G, | 6.040S0E-01 | 6.03533E01 | 6.03362E-01 eianero1 03180E-01| 6.03 140E-01| 6.03 108-01 
44.168 kefm?, i= 1.3650B-05 Pa-s,| g,, | 1.74224R401 | 5.22121R401 | 8 69590R401| 1.21547E+09| 1.73525F+02) 2.07976E+02| 2.42205R-02 
3622, p, = 0.70817 kgm? Q, | 2.460208+01 | 7.372831+01 | 1.22794E+02| 1.71777E+02| 2,45033E+02! 2.93681 E+02| 3.42143B+02 
¥ | 9.99974 O1 | 9.99765E-01 | 9.99347E-01 | 9.98721B-01] 9.97380E-01| 9.96240E-01 | 9.94883E-01 
IcD |2 2 2 2 2 2 z 
Tp= 333.15 K, Pr= 1.37895E+407 Pa, €; | 6.03983R-0i | 6.03491F-01 | 6.03327R-01 | 6.03237R-01 | 6.03153E-01] 6.03115E-01] 6.03084B-01 
Pep = 520.04 kg/m}, 4 = 4.17 10H-05 Pa-s,| gq, | 5.97660H+401) 1.791531+02| 2.98507E402| 4.178482] 5.96842E+-02| 7.16164E+02] 8.35483E+02 
1.0, P= 1.86131 kefmt @, |3.21096B401) 9.62512E401| 1.60375E+02| 2244918102] 3,20657E+02) 3.84764E +02) 4A886SE+02 
¥ | 1.00000E+00] 1.000002+00] 1.00000E+00} 1.00900B+00) 1.00000E-00| 1.00000E+00] 1.00000E+00| 
Icp |2 2 2 2 2 2 2 
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CHAPTER 14——NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-6—Selected Round Robin Test Results Matrix—StI Units 


(Gy = 0.049262 m, a = 0.00001116 mim-K, dy = 0.032544 m, a1 = 0.00001665 m/m-K) 
Cell I Pa 
How Conditions Value | 5590.5 5035.6 139877 zat. 559508 0569.1 109663. 
Ty= 255.37 Ky Pre 101325105 Pa, G, | 3.49997E100/ 2.324591100] 1.94657100] 1.74130E+-00] 1.555508+00] 1.47165E+00] 1.40605E+00 
Buy = 932.26 kglin’, jt = 1.8650 Pa-s, Gy | 3.30046E+00| 6.5763 1400] 9.173 13E+00| 1.14944E+01] {.46685E+01| 1,66533E+01 | 1.85627E+01 
ka=1.0, py = 910.83 ke/m* Q, | 3.62358E-03 | 7.2201318-03] 1.00767E-02] 1.26197E-02| 1.61045E-02| 1.82836E-02| 2.03800E-02 
¥ | 1,000008-+00| 1.00000E+00] 1.00000E+00! 1.00000E+00) 1.60000E+00 |.000008+400! 1.00000F+00} 
6 3 5 -5 
Ty 293.15 K, Py= 013258405 Pa, 7 00) E01 
1,66349E-03 | 3.63634E-03 | 5.34290E-03] 6.93394E-03] 9.191648-03 1,.20422E-02 
1,00000E+00] 1.00000E+00] 1.00000E+06] 1.000008+00] 1.00000B+00] | 1,00000E+00 
<5 -4 ~4 4 4 4 
8.683595 | 7.0447 15-01 | 6.593966-01] 6.49397E-01| 6.41 117E-01/ 6.37613E-O1 | 6.34968E-01 
7,93108E-O1 | 1.9302: 3.01129R+001 4.151 88R+00! 5,85563R+001 6,98834F-+00] 8,1 1925P+00 
8,70753E-04 | 2.1 1926503] 3,30509E-03] 4.55835E-03| 6.428896-03| 7.67250E03 | 8.91412B-03 
Y | 1.00000E+00] 1.00000E+00] 1,00000E+00] 1.000005+-00] 1.00000B+00] 1.00000E+00] 1.00000E+00 
tcp |-4 3 3 3 3 3 3 
pooner By 13 3 3 3 3 
T= 288.71 K, Pr= 1.01325E405 Pa, G;_ | 6.332218-01| 6.21185E-01| 61772801] 6.15914E-01| 6.14300B-01] 6.13578E-01 | 6.130142-01 
999.91 kg/m’, j= 1.1990H-03 Pa-s.| ¢,, | 6.18874H~01 | 1.82135E+00} 3.01868E+00| 4.213741+00| 6.00386H+00] 7.19616E+00| 8.38780E+00 
0, 7, = 999.01 ke/mt Q, | 6.19487E-04 | 1,823 151-03 | 3,021 67E-03] 4.21792E-03| 6.00981E-03] 7.20329E-03 | 8.3961 IE-03 
Y | 1.000008-400] 1.000008+-00] 1,000008+00) 1,.00000E+00] 1.00000E+00] 1.00000E+00) 1.00000E+00 
IcD |3 2 2 2 2 2 2 
T= 37204 K, Py= 1013258405 Pa, Gy | 6.18927E-01 | 6.1346612-01] 6.1176682-01] 6.108445-01 | 6.10005E-01 | 6.09623E-01 | 6.09322E-01 
Pip = O41 S kein}, 2.R250R 4M Pa-s,| 7, 5.80070B_O1 | 1.75163B400} 2.01129F2.00} 4.06967E+00} $.80582E+00} 6.96263E+00) 8.1 1906E+00} 
, py = 999.61 kes Q, | 5.89654E-04} 1.75337E-03) 291418803) 407370B-03) 5.81 158E-03) 6,96953E-05 | 8.12710E-03 
¥Y | 1000002400] 1.000001+-00} 1,00000E+00] 1.00000+00] 1.00000R+00] 1.00000E+00] 1.00000E+00 
ico [2 2 2 2 2 2 2 
Ty= 58.37 K, Pra 1.015258405 Pa, CG, | 6 18777E-01 | 6.134412 D1 | 6.11845E-01] 6.11047E-01| 6.10456B-O1 | 6.10301E-O1 | 6.10308E-01 
op = 2.118) kglin’, j= 1-307QH-05 Pa-s,| 9, | 2.77577E-O2 | 8.12360E-02} 1.30554B-O1) 1.73475E-01| 2.19676B-O1 | 2.34662E-01 | 2.3395 1E-01 
1.3198 p, = 1.86131 kei? 0, | 1,49130E-02| 4.36445E-02| 7,01944E-02| 9.32006E-02| 1.18022E-01| |.26073E-O1 | 1.256920-01 
9.98006E-01 | 9.82053E-01 | 9.5014813-01 | 9.02289L-01 | 8.00591E-01| 7.12851E-0l | 6.09158E-O1 
2 2 2 2 2 2 2 
16.15314E-O116,11361E-01/ 6 101nse-o1/ 6.04238 .01! s.ogean a1! é.ogsase 01! 6.083258 OF 
4.24521E-02) 1,26252E-01 | 2.09030E-01| 2.90309E-01 | 4.08224E-01 | 4.83352E-01 | 5.55038E-01 
5.99461B-02 | 1.78279R-O1 | 2.951698-01] 4.09942F-01 $.76449E-111 | 6.825371 | 7.83763E-01 
9,99716E-01 | 99744401 | 9,92901B8-OL | 9.86086B-01 | 9.71605B-01 | 9.5911 1E-Ol | 944345501 
2 2 2 2 2 2 2 
= 255.37 K, P)— G.RO4TER+0G Pa, Gy | 6.15912E-01 | 6.11354E-01 | 6.10090L-01| 6.09397L-01| 6.08762E-01| 6.08471E-O1 | 6.08242E-01 
35 kg/m? jt = 15430804 Pa-s,| g,, | 6.13542E-01 | 1.82880B+00| 3.041 696+00| 4.253545+00] 6.07015E+00| 7.28070E+00) 8.49095E+00} 
86131 kg/m? Q, | 3.29629E-D1 | 9.82536E-01 | 1.63417E+00| 2285245100} 3.261225+00] 3,91 160E+00| 4.56182E+00 
¥ | 1000008400! 1.00000E+00] 1.00000E+00] 1.00000+-00] 1.000008+00] 1 1.00000E00) 
icp |2 2 2 2 3 a ode fae 
Ty 235.37 K, Pre |.3789SE+05 Pa, Cy | 6.12545E-01 | 6,09680E-01 | 6.08748B-01| 6,08236E-01| 6.07767E-01| 6.07555E-Ot | 6.07389E-01 | 
Diy = 32,783 kwin’, fie 1.3520E-05 Pu-s,| gy, | 1.08303E-01 | 3.230141 | 5,362708-01) 7,47498E-01 | 1.05900E+00) 1.262048+00) 1.46053E+00 
Ee 1.3198, = 1.86131 kein? Q, | 5.81865E-02| 1,73541E-01 | 2,881 14E-01] 4.01598E-01 | 5.68954E-01 | 6,74041E-01 | 7,84676E-01 
¥ | 9.99853E-01 | 9.9868 1E-01 | 9.96337E-01| 9.928208-01] 9.85347E-01 | 9.78900E-Ol | 9.71281E-O1 
IcD |2 Zz iz 2 2 2 2 
Ty 283.15 K, Pre 3.44738E405 Pa, C,__ | 6.123026-01 | 6.09529E-01 | 6.08623E-01) 6,08123E-01 | 6,07663E-01 | 6.07453E-01 | 6.07288E01 
Pig 26.627 kgim’, 41 = 1.1310E-05 Pa-s.| g,, | 9.76737E-02I 2.91564R-01 | 4.84775E-M1| 6.77203E-01 | 9,63893E-01| 1.15337E+00 | 1.34122E+00 
£2 1.3622, p, = 0.70817 kgin? @, | 1.37924E-01 | 4,11715E-01 | 6.84547L-01| 9.56271 8-01 | 1.36110E+00| 1.628668+00) 1.89393E+00 
¥ | 9,99943E-01| 9.994898-01 | 9.985808-01 | 9.97217E-01 | 9.94321 8-01 | 9,91822B-01 | 9.888695-01 
Tea |2 2 lo a 2 2 9 
T= 338,71 K, Pre 6.894761406 Pa, CG, | 6.12098B-01 | 6.09401E-01 | 6.085 18-01 | 6.08030B-01| 6.07580B-01 | 6.07374E-01 | 6.0721 1E-01 
L.360QE-05 Pa-s,| dy, | 1.26009-01 | 3.7628 18-01 | 6.25940E-01] 8,75016E-01] 1,24729E+CO} 1.49436E+00) 1.74037E+00 
Q, | 1.77937E-D1 | 5.313426-01 | 883883801) 1.23560H+400) 17612871400) 2.1101 7E+00) 2.45736E400 
Y — | ¥.999721-01] 9.997448-01 | 9.99290E-01 | 9.98608E-01| 9.971608-01| 9.95910B-01 | 9,94434E-01 
Ic |2 2 2 2 2 2 2 _ 
7895E407 Ba, Gy | 6.11747E-01 | 6,09183E-01 | 6.08341E-01] 6.07874E-01| 6.07443E-01 | 6.07245E-01 | 6.07089E-01 
= 4.1TI0E-05 Pa-s,| g,, | 4.320602-01) 1.29076E+00] 2. 14829E+00| 3.00530H+00} 4290246400} 5.146615+09| 6.00283R+00 
1.86131 kg/m? Q, |2,32127E-01| 6.934692-011 1.15418F +001 1.61461E+00] 2304968400! 2.76505E+00! 3.22505R+00 
¥ | 1.000002+00] 1.0000012+00| 1,090002+00] 1,00000E+00| 1.000002+00 1.00000E+00 
IcD {2 2 z ee 3 2 
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Table 4-C-6—Selected Round i os Test Results Matrix—Sl Units 


(PF -~O.07987; 5 44a 
(5, = 0.073676 in, a2 = 0.00001116 m/m- 


Pa 
Cell ane ees 
Flow Conditions vais 359.5 3035.6 13987.7 27415, 55950.8 80569.1 109963.5 
255.37 K, Pr= 1013256405 Pa, Cy |3.02095E+00] 2.0311GE+00] 1.71348E+00] 1541208400) 1385446400] 1.315192+00) 1.26025E+00) 
Pip = 932.26 kg/m, t= 1.8650 Pa-s, Gm | 6.41887E+00) 1.29475E+01] 1.820401+01| 2.29232E+01 | 2,94377E401 | 3.35341E+01 | 3.74888E+01 
kLA0, Py = 910.83 kg/m? Q, | 7.04727E-03) 1.42150B-02) 1,9986LE-02| 2.5 1673-02] 3.23197B-02| 3.6817 1B-02 | 4.115898 02 
1.000002+00| 1.00000E+00) [,C0000E+00) 1.00000E+00) 1.C0000E+00! 1.0000CE+00! 1.00000E+00! 
-6 ss 3 “5 -5 5 3s 
1.44471E+00| 1,07496E+00| 9.56713E-01 | 8.91648E-01 | 8.30968E-01 | 8.02446B-01 | 7.793 16E-01 
3.03293E+00) 6.7 7019E +00) |. OO424E01) | SI032Br01) L74450R 40 | 2.021 S4R+O1 | 2 2S04SR OL 


3.32986E-03 | 7.43299B-03] 1.10256E-02| 1.43860L2-02| 1.91528E-02 | 2.21945E-02 | 2.51473E-02 
1.000008+00) 1.00000E+00) 1.00000E+00). |.60000E300} 1.00000E+00) 1.00000E+00) 1.00000E+00| 


3 4 +4 aA 4 4 a 
353.15 K, Pr= 1.01325E405 Pa, G,_ [8.041072-01| 6.624348-01| 6.46722B-01] 6.39093E-01 | 6.32713E-01 | 6.29989E-01 | 627923801 
p= 868.43 kg/m}, p= L7490E-02 Pas, | g,, | 1.65483E-+00| 4.08985E400] 6.654728+00| 9.20670E+00] 1302115401 | 1.55581H401| 1.80916E101 
K-10, py = 910.83 kg/m? Q, | 1.81683H-03] 4.49024E-03| 7.30621E-03] 1.01080E-02| 1.42959E-02| 1.70812H-02| 1. 98627802 
¥ | 1,00000E+00} 1.00000E+00) 1.00000E+00] 1.06000E+00| 1.00000E+00) 1.00000E+-00! 1.00000E+00) 
icp |-4 3 3 3 la 3 3 | 
T= 288.71 K, Fy= 1013258405 Pa, Gy [6.26553B-01| 6.169401-01] 6.141098-01] 6.12608E-O1 | 6.11263F-01 | 6.10657E-01 | 6. 10183E-01 


6. 


1.61374E+0) | 1.88123E+01 
1.61534E_02 | 1.88310E 02 
1.00000E+00) 1.00000E+00| 


Pip = 999.01 kein, 
RE-LD, Gy = 999.01 kei 


L1OUE-U3Pas, | qq | 1.37978E+00 
G, | 1.38114E-03 


L.OQ000E+00) 1.00000E+00) 
2 


6. 3 
1.000Q0E+00) 
2 2 


ICD |3. 2 2 
372.04 K, Pre 1,.01325E205 Pa, CG, | 6.15093E-01] 6.10561E-O1| 6.09127E-01 | 6.08345B-01 | 6.07630E-01 | 6.07304B-01 | 6.070468-01 
941,75 kg/m, 1 = 2.8250E-04 Pa-s, | g,, | 1.31909E+00| 3.92815E+00] 6.53153E+00] 9.13240B400} 1.30309F+401 | 1.56287E+01| 1822588401 
=f! kgf? Q, | 1.320408-031 3.93204F-031 6,538008-03! 9.14145E-03! 1.30439R-02 | 1.46449F_02 | 1.82430R-02 
¥ 1.000002+00) 1.00000E+60) ‘A-tovonss00 1,00000E+00} 1.00000E+-00) 1.000008-00} 1.000002+00 


IcD {2 2 2 2 2 2 
Ty 255,37 K, Pre 1013258405 Pa, Cy | 6.149758-01) 6105435201 oe 6,08522E-O1 j 6,08019E-D1 | 6.07888E-0/ | 6.078951} 
Pyp = L181 kgfn’, p= 1,3070E-05 Pa-s, | gy, | 6.21595E-02] 1.82173E-O1| 2.93092E-01 | 3.89191 E-O1 | 4.92795E-01 | 5.26294E-01 | 5.24487B-01 
3 7 


9.78733E-02| 1.57463E-01 | 2.09095E-01 | 2.64757F—01 | 2.82755E-01 | 2.81784B-01 


9.B2023H-01 | 9.50063H-01 | 9,02123E-01 | 8,00252E-01 | 7.12363E-01 | 6.08494E-01 
2 


198, 0, = 1.86131 kgim® 


2 2 2 2 2 
Tr= 183,15 K, P= 6.89476B405 Pa, C; [6.121102-011 6.08787E-1] 6.077196-01 | 6.07136F-01 | 6.06609R-07 | 6,08374R-07 | 6.06199R01! 
Ppp 4.9834 kelm3, p = L.OG7QE-05 Pas, on | 9.51558E~02) 2.83274E-01 | 4.69144E-01 | 6.516601-01 | 9.16452B-01 | 1.085 16E+00] 1.24612+00 
k= F 1.3622, Pre OT0817 kein? Q, | 1.34369E-01] 4.00009E-01 | 6.62474E-01 | 9.20203E-01 | 1.29411F+00] 1.53234E+00] 1.759638+00| 
Y 9.997 168-01} 9.97440E-O1| 9.92889E-O1 | 9.86063 01) 9.71S56E 01} 9.59041E01 | 9.44251E-01 


2 2 2 2: 2 2 2 
2IN9F: 60832001 | 6.06123E-01| 
C0) 1.63470E+01| 1,90653B+01 
7-38861E-01 | 2.20456E-+00| 3.66776E+00| 5.[2086E-+400] 7.321 805400] 8.782551+00| 1.024308+01 
1,00000E+00] 1.00000E+00] 1000008100] 1.0C000E+00] 1.00000E+00] 1.00000E+00| 1.00000E+00 
2 2 2 2 2 2 2 
6.097808-01 | 6.57357H-O1| 6.06558-01] 6.06L17E- 01 [¢-05713E-01 | 605530801 | 605387E-O1 
2 1! 7,250475-01! |.20303R+00! 1678398100! 2.37804H100 00} 3.279888-00 


ze 1.3198, rer aeisi iene Qa 1.30517E-01| 3.89536E-01] 6.46846E-O1 | 9.01727E-O1 | 1.27762E+00| eer ion 1,76213E+00) 
¥ 9.998538-O1 | 9.98679E-01) 9.96331E-01 | 9.92808E-01 | 9.85323B_01 | 9.78864_01 | 9.71232E-01 
ICD [2 z 2 = 2 2 cf ) 
T= 283,15 K, Pra 3.44738E+06 Pa, | 6.095845-01| 6.972261-01 | 6.06449E-01 | 6,06019E-01 | 6.056231-01 | 6.0544 15-01 | 6.05298B-01 
Pry = 26,627 kgin?, pr = L.U3108-05 Pa-s, | 9, 2.19 1048-01 | 6.54477E-01| 1.08840E+00| 1.52060E+00| 2.16455E+00| 2.59015B+00} 3.01212E+00| 
1,362, p,= 70817 kgim? Q, |3.09394E-01] 9.24181E-01] 1.53693E+00| 2.14723E+00] 3.05655E+00| 3.65752E+00| 4.25338E+00 
¥ — |9,99943B-01] 9.99488E-01] 9.98573E-O1 | 9.97213E-01 | 9,94311E-01] 9.91808B-0! | 9.88850-01 

Icp 12 2 Zz es 2 ee 2 
Ty= 338,71 K, Pr= 6.894768406 Pa, G; | 6.09409E-01] 6.071148-01] 6.06357E-01 | 6.05937E-01 | 6.05949E-01 | 6.0537 15-01 | 6.05230E-01 
Pip = 44.168 kpfat, 1 = 1.36505-05 Pas, | gq | 2.82681E-01 | 844666E-01| 1.40538E 100] 1.96482E+00} 2.80101E+00] 3,356010+00| 3.508622+00 
0768 ae ls oor7ie-o1l Lisa7sE+ool | og4sem+00| 2.77450nen0l 1 osszarenal a7ansomenal ss1930R a0 


Ae 13622, 2, 50,7081? GQ, | ZSPIFLEAOL) 1.19275E+00) 1.984528+00) 2.774508400) 3.955280+00) 4.73899 EH) 5.519328 00) 
9.99972E-01| 9,99744E-O1| 9.99289E-0)1 | Y9R606EU1 | 9.97155E-01 | 9,95903E-O1 | 9.94424B-01 

[cD |2 2 2 2 2 = 2 

333.15 K, Py: = LAGE Ps, G, =~ |6.09113B-01) 6.06928E-01 | 6.06205E-01| 6.05803E-01 | 6.05431B-01 | 6.05260E-0! | 6.05124B-01 


520.04 kgs H=A4LTIOB-05 Pars, | dy | 9.69339E-01| 2.89762E+00) 4,82359E+00) 6.74855E+00] 9.63487E+00] 1. 15586E+01| 1.348208+01 


T= 
py, 


ER ES PT EE PE A ET AP LE 
3 
J 


aay , Pp = 1.86131 kefm? Q, |5.20783E-01| 1.55676E+00| 2.59150E+00| 3.62570E+00| 5, 176395400] 6.2099 1E100| 7.24327E+-00| 
Y 1000002400) 1,00000H+00) 1,00000H+00) 100000H+00} 1.00000E+00) 1,00000E+00] 1.00000E+00) 
[cD }2 2 2 2 2 2 2 
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API NPNS#4. 3; ma 92 = 07322490 DSO4DE TTS = 


130 CHAPTER 14—NATURAL Gas FLUIDS MEASUREMENT 
Tabla 4-G-6—Selected Hound Ronin lest Hesults Matrix—si Units 
1D. = 0.192970 m cp = 0.00004446 mint 0.087887 m. &. 00001865 mines 
(D,, = 0.182270 m, ag = 8.00001116 mim-K, a), = 0.067667 m, oy = 0.00001655 m/n—K)} 
Celt Pa 
Tow Conditions a 559.5 5035.6 139877 27415, 55950.8 80569. 109663.5 
T= 255.37 K, Pr= 1.01325E405 Pa, Cy | 2.67749E+00) 1.82122F+00} 1.54695B+00] 1.398396+00] 1.264 19E+00) 1.20368E+00] 1.1 5635E+00 
4p = 932.26 ba in 4 = 1.8650 Pars, Gm | .09236E+01] 2.22908E+01 | 3.15564E+01 | 3.99364E+01 | 5.15766E+01 | 5,89295E+01 | 6.60478E+01 
2-10, p, = 910.83 kei? Q, | 1.19930E-02] 2.44731E-02 | 3.46458B-02 | 4.3846 1E-02 | 5,66260E-02 | 6,46987E-02| 7.25138E-02 
Y | 1.00000E+00] 1.00000E+00] 1.00000E+00] 1.00000E+00! 1.00000E+00| 1.000008+00] 1.00000E+00] 
Icb | -6 <8 a <6 3 -4 
G, | 1.31525E+00} 9.96415B-O1 | 8.93370B-01 | §.35705E-01 | 7.806651 | 7.54158E-01 | 7.32280E-01 
60 kel 142: Gm | S.3QL68E+00! 1204965401 | 1800575401 | 2.35809E+01 | 3. 146845401] 3.647998 +01] 4.13252 E401 
pony 0, py, = 910.83 kg/m" Q, | §.820716-03] 1.322928-02| 1.97685E-02| 2.58895E-02 | 3.4549 1E-02 | 4.00513E-02) 4.53709E-02 
¥ 1,00000E+00) §.00000E+00) 1.00000E+00) 1.00000F4+-00) 1.00000B+00) 1.C0000F+00) J .06000F+00) 
IcD j-5 4 4 4 4 3 3 
Tr= 353.15 K, Pr= 1.01325E405 Pa, G, | 7.53676E-01| 6.51377E-01 | 6.38819E-01 | 6.32664101 | 6.274748-01 | 6.25242E-01 | 6.23542E-01 
Pip = 868.43 ko/m’, 41 = 1.7490E-02 Pa-s, 4, | 2.98605B+00| 7.72183E+00; 1.26216E+01| 1.74099E+01 | 2.47948E+01| 2.964798+01| 3.44952E+0t 
=-L.0, 0, = 910.83 kg/m’ Q, | 3.27839E-03) 8.47779E-03| 1,38572E-02| 1,92132E-02| 2,72222E-02 | 3.25505E-02) 3.78723E-02 
¥ | 1,00000E+00} 1.00000E+00| 1.00000E4-00) 1.09000E+00] 1.00000£+00] 1.000002+00] 1.000002+00) 
fen |-3 3 3 3 a a a 
01325E403 Pa, C) | 6.22413E-01| 6.14376#-01/ 6.11969E-0! Aare 6.09525E-01 | 6.09003E-01 | 6.08593E-O1 
1 E+01 EY 1 


+1990E-03 Pass | yy 


2 
1,00000F+-00 


Y 1,00000B+00) 1,00000B+00) 1.000000 1.00000B+00} 1,00000E+00) 
IcD 2 2 2 2 2 2 
Tp= 372,04 K, Py=1,01325E+05 Pa, CG; | 6.[28048-01] 6.08915E-01 | 6.07673E-01 | 6.06992E-01 | 6.06369E-01 | 6.06083E-01 | 6.05858H-01 
8 A= 2.825044 Pas, | din 2.523301+00} 7.52210E400} 1.25112E401| 1.74961E+01] 249687E+ OH 2.99454E401] 3492085401 
n 13! 7.52955F-03 6E-2 | 1,751 34R-02 | 2.49935E-02 | 2.99780E 12, 61 4B 
1.00000E+00 ee £,00000E+00) 1.00000E+00) 1,00000E+0O0) 1.00000E+00} 
2 2 2 2 2 
Cy | 6.12707E-0i | 6,08900B401 RTT 6,07 1 52E-Gi | 6.007 14B-Oi | 6.00599E0i | 6.066051 
Gu | 1.18913E-O1] 3.48857L-01 | 5.61443E-01 | 7.4567 1E-Ol | 9.4438 1-01 | 1.00873E+00] 1.00547E+00 
| 6.38867E-02| 1.87425E~01 | 3.01639F-01 | 4.006 16E-01 | 5.07375E-01 | 5.41948E-01 | 5.40195E-01 
¥ | 9.98004L-01 | 9,82038K-01 | ¥.50105E-01 | 902205601 | 8.00418E-01 | 7.126030] | 6.08820H-01 
icp |2 2 2 2 2 2 2 
G 610255101 | 6.0738 )F-01 | 6.06450T:-01 | 6.05941E-01 | 6.05480E-01 | 6.05274E-01 | 6.05115E-01 
Qn 1.82155F-O1 | 5.42660E-O1 | 8.98928R-01 f 1248808400) 1.75645E+00) 2.07990E+00) 2.38853R400) 
Q, | 2.57219E-OL| 7.66285E-01 | 1.26937E+00] 1.76342B+00} 2.48026E+00| 2.93700E+00} 3.37282E+00 
9.9971 6E-O] | 9,97442E-01 | 9.92895E-01 | 9.86074E-01 | 9.71 580E-01 | 9.59075E. 01 9.44207E- Of 
2 2 2 2 Zz 
6.0737RF_DI | 6.0644 1FO1 | 6,.05924F01 A | 6.0599RR01 
kefmt yea IE-04 Pa-s, 7.86071E+00) 1.30809E+01) 1.82977K+01 +01] 3.133 14E+0L 


fy = 1.86131 kg/en? Q, | 1.41439E400] 4.2232 F400] 7.0278 1E+00| 9.83054F+00| 1.40326E+01| 1.68330E+01| 1.96329E+01 
¥ | 1.00000E+00] 1.00000E-+00] 1,¢0000E+00} 1.00000E+00/ 1.00000E+-00] 1.00000E+€0} 1.00000B+00 

{ep |2 2 2 2 2 2 2 
"3 7805B+06 Pa, G, | 6.08253E-01 | 6.06136H-01 | 6.05436L2-01 | 6.050501-01 | 6.046951-01| 6.04534E-O1 | 6.04408E-01 
A, ys! 3S2E-O5 Pes, | ty 1389365200 0E+00! 3, 455846E+00! 5.43288E+00! 6.28766E +00) 
k 21,3198, 9, = 1.86131 kg/m? @, | 2.49975E-01 | 7.46445E-01 | 1.23972E+00] 1.72837E+00) 2.44906E+00] 2.91884E4C0| 3.37809E400 
9,99853E-01 | 9.98680E-01 | 9.96334E-01 | 9.92814B-01] 9.85335F-O1 | 9.78882E-01| 9.71256E-O1 

| Icp [2 _ ae 2 2 De Wok aul Bon a oeee Ht 
T= 283.15 K, Pya 344730406 Pa, | 6.08073E-01 | 6.06020E-01 | 6.05340B-01| 6.04962E-01| 6.04614E-01| 6.044548-01 | 6,043290-01 
6,627 kg/m’, j= 1.1310E-05 Ps-s, | 2, | 4.19658E-01 | 1.25417E+00| 2.08502E+00| 2914632400] 4,14926E+00| 496527800] 5.77435E+00 
1.3622, p, = 0.70817 kg/m? Q, | 4.92596E-O1 | 1.77100B+00| 2,94565E+00] 4.11572E+00] 5.85913E+-00] 7.01 1418+00| &,15391E+00) 
9,99943E-01 | 9.994885-01 | 9.98579E-01 | 9.97215E-01 | 9.94316E-O1 | 9.91815E-Ot | 9.88839E-O1 

icp |2 2 2 2 2 2 2 
Ty= 338.71 K, Py= 6.89476E406 Pa, CG | 6.07919E-O1] 6.05920B-01 | 6,05256E-01] 6.04887E-01| 6.04546E-01| 6.04390E-01 | 6.04266E-0L 
Pip = 44.168 kgitn’, = 1,3650E-05 Po-s, | gq, | 5.41448E-01] 1.61865E+00} 2,69356E:+00] 3.75612E+-00] 5,36933E--00] 6.43344E+00} 7.49301E+00 
£5 1.3622, p, =0.70817 kein? @, | 7.645732 01 | 2.285681400) 3.80355R+00) 5.318 108+00) 7.58 1978400) 9.084608400) 1.05808h407 
FY | 9,99972E-01} 9.99744E401 | 9,99289E-01 | 9.98607E-01 | 9.97158E01 | 9.95907E-01 | 9.94429E-01 

1c |2 2 2 2 2 2 2 
Ty= 333.15 K, Pra 137895407 Pe, G, | 6.07662E-01 | 6.05757E-01 | 605123E-01| 6.04770E-01 | 6.04443E-01 | 6.04992E-01 | 6.04173E-01 
2004 kel’, = 4.1710E-05 Pas, | gq, | 1.85679E-+00] 5.55297E+00] 9.245246+00] 1.29358Bx01| 1.84697E+0L| 2.21581E+01 '2.58450E+01 
10, 6p = 1.86131 kg/m? Q, | 9.97573B-01| 2,983376+00| 4.96706B+00| 6.94983E+00| 9.92295B+00| 1.1904GE+01 | 1.38859E+01 
¥ | 1000008409] L.QO00GE+00) 1,00000E+0U} 1,0U000H+00) 1.000001+00) 1000001400) 1.00000E-+00] 

[icp |2 2 2 2 2 2 2B 


! 
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SECTION 3-~CONGENTRIC, SQUARE-EDGED ORIFIGE METERS, PART 4—BACKGROUND 


API MPMS*14.3-4 42 MM 0732290 OS0641? 9394 mm 


134 


} 


Table 4-C-6—Selected Round Robin Test Results Matrix—3Sl Units 


(1D, = 0.202720 m, ap = 0.00001116 mim-K, a, = 0.184342 m, a, = 0.000016485 m 


202728 Mm, my = 0.00001T1E mim-K, a, 134342 m, of = 0.00001885 mim} 


Pray 


Cell Pa 


Flow Conditions Nalue | 559.5 5035.6 13987.7 27415. 559508 


80569.1 109663.5 


ae 255,37 zs a 01325E+05 Pa, C= | 2.11055E+00} 1.47602E+00) 1.27366E+00] 1.16420E+00} . 06521 E400) 


Li 8650 F Pas, Qm | 3-3964iE+ 01) 7. 12594401 | 1.024838+02) 1.35 
ke oi 0, Boe £310: 83 kg/m? Q, | 3.72892L-02| 7.82357E-02) 1.12516E-01} 1.43984E-01 Ui '88204E-01 
Y¥ 1.00G10E+00} 1.00000E+00} 1.00000E+00] 1.000G0E+00} £.00000E+00! 


IcD {-5 5 5 4 4 


1.02045E+00] 9.85316E-O1 


ig 


2.16354E-O1 | 2.43722E-O1 
1,00000E100| 1.00000E+09| 


4 


62402 


A 


Tp= 293.15 K, eae Pa, Cy | L102906+00) 8.64652E 401 | 782848801 | 7.33854E-01| 6.83451E-01 
= 907.1 60 ke/m?, f= 2.1220E-01 Pass, | g., 1.75359E+01 (4. 12430B+0116.22364B+011 8.16779E+01! 1.08669K+02! 
1.0, 9, = 910,83 kgf? Q, | 1.92527B-02} 4.528076-~02 | 6.832945-02 | 8.96742E-02} 1.19307E-01 


6,65106E-O1 | 6.59243E-01 
1269028402! 1467478402 
1,39326E-O1 | 1.61114E-01 
1,00000E+00] 1-000005+00! 


4 


3 


Yr 1.00000E+00} 1.00000E+00) 1.000008+00} 1.60000E+00| 1,00000E+00} 

IcD |-4 4 4 4 3 
353.15 K, Pr= 1.01325E+05 Pa, CG; ~~ | 6.65546E-O1 | 6.34768E-01 | 6.26700E-01 | 6.22658E-01 | 6.19186E-O1 
68.43 kel’, 12 = 1,7490E-02 Pa-s, Gn 1,03736B+01 | 2,96818E+01 | 4.88408E+01| 6.79361E+01| 9.05103E+01 


1,0, Pp = 910.83 kgf? ey 1.1369 1K-U2 | 3.25877K-02 | 5,5622315-02 | 7.4587UL-02| 1.05959E-O1 


6,17672E-O1 | 6.16508E-O1 


LL 


1.26839E-01 | 1.47701E-O1 


29K+02| 1.34530EK+02 


1,000008+00) 1.00000E+-00) 1.00000E+00) 1.0006GE+00] 1.00000E+00) 1.00000B+00] 1.00000B+00 

3 3 3 3 2 2 
Ty 288. 71 K, Fy= 1.013256+05 Pa, Cy | 6.15735E-01 | 6.10062E-01 | 6.08308L-01 | 6.07358L-01 | 6.06496L-01| 6.06104E-01 | 6.05796E-O1 
99.01 kg/m?, pe Lose Pa-s, | Qa 1.02697F+01 | 3.05254E+01 | 5.07203E+01] 7.09102E+01} 1.01156E+02] 1.21309E+02] 1.41456E+02 
1.0, p, = 999.01 ken? @, | 1.027981-02 | 3.05337E-02 | 5.07796H-02 | 7.0980SH-02) 1.012357E-01) 1.214308. 01) 141596801 
¥ 1,00000E+00) 1.CO00CE+00) 1.00000H+00] 1.00000E+00} 1.00000E+00] 1.000008+00] 1.00000E+00 

ICD |2 2 2 2 2 2 2 
df= S204 K, Ep NUL sea h09) Pa, Gt 6.089 LSE] | 6.0603 LE-4)1 | 6.050941 | 6.04577E-01| 6.04100K-01 | 6.03882E-01 | 6.03709E-O1 
Pup 41.75 kgf He 2.8250E-04 Pas, | dy | 9.89008E100] 2.9530 1E101) 4.91406E101) 6.8738GE101] 9.81198E+01) 1.17701E+02) 1.37279E+02: 
= = 999.01 kefm® GQ, | 9.89988F-03 | 2.95594F-02 | 4.91893E-02| 6.88062E~02| 9.82170E-02| 1.17818E-O1 | 1.37415E~-O1 
¥ 1,00000E+00) 1.C0000E+-00| 1.00000E+00] 1.00000H+00] 1.00C00E+00| 1.00000E+00| 1.00000E+00 

2 2 2 2 2 2 2 


11 6.05 155-01} 6.047000 01/ 6.04375E-O1 


. Gm | 4.66094B-D1 | 1.369541+00) 2.20507E+00| 2.929 ESH+00) 3.70991E+00} 
«3198, y= 1.86131 kg/m? @, | 2.50412E-01| 7.35794E-01 | 1.18469E+00) 1.57371E+00] 1.9931 7E+00| 


9.8300: 5-81 ‘30801! 2000458 


2 2 2 


S onzaat+00 3.94871 E400 
2,12880E+00) 2.12147E+00 


FAI3S4E-O1 | 6.08481 EO 


2 


ra 


202 OF 


2 


ies 9.02120B-O01) 8.00245E-01 


Ty 283,15 K, Pr 6.894 16E+05 Pa, G,_ | 6.07041E-0i | 6.04381E-01 | 6.041718-01 | 6.03780E-01 | 6.03425H-01 

Pn 34.9831 kg/m’, 2 = 1,0670E-05 Pa-s, | Gp, | 7.1471 8E-01 | 2.131681+00| 3.53243E+00] 4.908235+00] 6.90454E+00 

= 1.3622, p, = 0.70817 ke/m? ©, | 1.00925E-+00| 3.01013E+00} 4.9881 1E+00| 6.93086E+00) 9749848400 

9.9971 GED! | 9.97440E-01 | 9.92889E-01 1 9.86062E-01| 9.71S55E-OL 
2 


6.03266K-01 | 6.03144E-O1 
8.17656E+00) 9.39029E+00 
1.15460B401) 1.32599E+01 
9.59040E-01 | 9.44249E-01 


2 2 2 2 [2 
Ty= 255.37 K, Fy G BMTOEDG Pas 6.07044E-01 6.04166E-91] 6.037695-01| 6.034025-01 | 6.032335-01 | 6.031008-01 
hag Slaten ioily 1 eiq7tsoil sose77i Gol 1 Satzemico |i asereReo: 
B M4 Pas,| Gq | 1.032960401 5.140360401] 7.191 77E40 lf 1.02677E+02| 1,.23178E+02| 1.43676E+02 
1.0 Rees Q, | 5.549645400| 1,65898E+01|2,76169E+01| 3.863826+01| 5.51639E+01] 6.61782E+01) 7.7 1908E+01 
¥ | 1,00000B+00) 1.600000] 1.60000E:+-00| 1.00000E-00} 1.00000E+00} 1.00000E 106) 1.000008 100 

icp |2 z z 2 12 z (2 
17 255.37 K, Py 1378951406 Pa, G | 6.05543E-01 | 6.03932E-01 | 6,0339482-01 | 6,03096E-01| 6.02821E-01| 6.02096E-01 | 6.02598E-01 
Pig = 32.789 hy/in’, = 1,3520E-05 Pas, | gy | 1.827108+00| 5.46036E+00] 9.071080] 1,2648472r01] 1.79247E+0l] 2.13642E+01 | 2.47265E-+01 
k= 1.3198, py = 1.86131 kg/m? Q, | 9.81622E-01 | 2.933618+00] 4.87349E+00| 6.79541+00| 9.630145--00] 1.14780E401! 1.32845E+01 
¥ | 9.998535-01 | 9,98679E-01 | 9.9633 12-01 | 9.92808E-01| 9.85322E-01! 9.78864E-O1 | 9.71231E-Ol 

Icen 12 2 S. 2 2 2 2 


————---—_ 
G, ~~ | 6.05405E-01 | 6.0384 1-01 | 6.03317B-01 | 6.03026B-01| 6.02756E-01 
1B+00} 8,20073E+00) 1,14598R+01! 1.63162E+01 


6.02632E-01 | 6.02534E-01 
1.95261E+01| 2.27088E+01 


3g, +00) 1158026401) 1.61823H+01) 2.303998 +01) 2.757268 101 | 3.206698 +01 
¥ — |9,99943#-0] | 9,994882-01 | 9.98578E-01 | 9.97212E-01| 9.94311E-01| 9.91808E-01| 9.88850E-O1 

ep [2 2 2 2 2 2 2 
T= 338.71 K, Py= 6.894766 Pa, G, _ |6-05283E-01 | 6.037598-01 | 603248801 | 6.02963E-01| 6.02698E-01| 6.02577E-01 | 6.02480E-O1 
168 ke/m’, {f= 1.3650E-05 Pa-s, | gq | 2.12646E+00] 6.361935+00) 1.05894E#01] 1.48080F+01) 2.1 1143F+01} 2.530028401 2.94684E401 
3622, py = 0.70817 kyl? Q, | 3.00776F+00! 8.98362R+00) 1,49599F+01/ 2.09103R+01! 2.98159R+01/ 3572622401! 416120801 
¥ | 9,999728-01|9.997447-01 | 9.992896-01 | 9.98606E-01| 9.97155E-01 | 9.95903B-01 | 9.94424B-O1 

Ieb [2 2 2 2 2 2 2 
Tp= 333.13 K, Pym 1.3789SE+07 Pa, G;__ | 6.05089E-i | 6.036348-01 | 6.03 145-01 | 6.02872E-01| 6.020 18E-O1] 6.02301E-01 | 6.02408E-01 
Pry = 520.04 kgim, w= 4.1710B-D5 Pa-s, | g,, | 7.29304E+00| 2.18267H+01 | 3.634831 01 | 5.08646E+01| 7.26331E+01) 8.71427E+01| 1.01631E+02 
21.0, 95 = L613 kgim? @, | 3918236400] 1.17265E+01 | 1.95283H+01 | 2.73273E+01| 3.90226B+01| 4.68180B+01} 5.46125E+01 
Y | 1,000001+00) 1600001400} 1.000005+00] 1.009002+00| 1.00000E+00] 1.00000E+00] 1.0¢000E+00) 

Icp [2 2 2 2 2 2 z 


ee 
a) 6 

216 

o 
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API MPNSx4. de 4 fe = 0732290 D50b416 670 = 


132 


CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-6—Selected Round Robin Test Results Matrix—-S] Units 


(Dy = 0.383513 m, ag = 0.66001116 m/m-K, a, = 6.240705 m, a4 = 0.00001665 m/im-K} 


Cell [ Ly 
Flow Conditions yeaing: | 559.5, 5035.6 (3987.7 27415. S5950.8 80569. 1 109663.5 
Tr= 255,37 K, ie 1,01325E+05 Pa, Gq 11.73701R+00] 1.24988F+00/ 1.09486E+00| 1.01075#4+00] 9.34104F-91 | 8.990578-01 | 8.71263E-01 
Pup = 932.26 kg/m, jt = 1.8650 Pa-s, 9y | 8.97053E+01) 1.93645E+02} 2.82713E4+02] 3.653922402] 4.82406F+02] 5.57 168E+02) 6.29934E4+02) 
kE-10, 2p = 910.83 ke/n® QO, | 9,84874E-02) 2.12603E-01 | 3,10390E-Ol | 4,.01164E-01 | 5,29634E-01 | 6.11714E-01 | 6.91604E~-01 
¥ 1,00000E+00! 1.00000E+00! 1.06000E+001 1.00000E+00| 1000002400! 1.00000K+-00) 1,000G0E+00) 
Iep |-5 <3 ~4 ~4 4 4 4 
Ty 293.15 K, P= 1,01325E+05 Pa, GC) | 9.63377E-01| 7.72225E-01 | 6.99061 E-0l | 6.63304B-(1 | 6.50969R-01 | 6.45788F-01| 6.419007-01 
icgim’, Hae, 1220808 Pa-s, |g, | 491563E+01 10E+02) 1.78349 +02, 't TEHO2| 3. 3.9541 8E102) 4.5 G2 
910.83 ke/m? Q, | 5.39687B-02) 1.29782E-01 | 1.95809E-O1 3.64678E—01 | 4.34130E-01 | 5.03436E-01 
¥ 1.00000E+00) 1,00000E+00} 1.0¢000E+00 1,00000E+00) 1,00000E+00) 1,00000E+00 
ICD |-4 4 3 3 3 3 
.01325E+05 Pa, G. | 646078E-O1) 6.25379E-01 | 6.19757E-O1 | 6.1 6885E~U01 | 6, 14382F—01 | 6, 13279F-01 | 6,12425F-01 
17490E-02 Pa-s, | 9, | 3.2316 E+OU! | S5000R+02! 2.1 5005E+02 4021 3.681130+02! 4 28867E+ 
10.83 kg/m? Q, | 3.54802B-02 1.03032E-01 | 1.70175E-O1 | 2.37141B-O1 '398E-01 | 404151801) 4,70853E-01 
4 1,00000E+00} [.00000E+00} 1.00000E+00) 1.00000E+00; 1.00000E+00} 1.00000E+00] 1.00000E+00 
ep 13 4 4 4 4 2 2 
IcD [3 3 3 2 12 2 2 
288,71 K, Te ODEO Rey Gy | 6.118596-01| 6.07601 E-01 | 6.06255E-O1 | 6.05519E-01 | 6.04848E-01 | 6.04541B-01 | 6.04299R-01 
999.01 ke/m?, w= 1. 1980F-03 Pa-s, | 4, | 3.27494K+01) 9.75654E+01| 1.62248K402| 2.2687214+-02 | 3.23743 +02 | 3.88295 E402 | 4.52829BHI2 
k2-1.0, Py = 999.01 kg/m? Q, | 3.27818E-02| 9.76620E-02| 1.62409EH | 2.27097E-0 | 3.24064E-01 | 3.88679E-01 | 4.53278E-01 
¥ 1,00000E+00) 1.00009E+00) 1.00000E+00) 1.00000L+00] 1.00000E+00{ 1.00000E+00) 1,000002+00| 
TcpD |2 2 2 2 2 2 2 
Ty = 372.04 K, Pr= 1.01325E+05 Pa, C= | 6.067 16-01 | 6.04479E-01 | 6,03742E-M1 | 6.03333E-01 | 6.02955B-01 | 6.0278 1E-01 | 6.02644E-01 
94175 legien, f= 2,8350E-04 Pa-s, | gp, 3. 16241E+01] 9,4523SH+01] 1,57347F4+02| 2.20136R402] 3. 142838402] 23,7703 1 R402) 4,39760F 402) 
. = Gy | S.1GSSSE-02) 946172602) 1.57503EHH | 2.203540 | 3. SE-O1y3.77405E-0 1) 4.402052-01 
¥ £,00000E+00} 1.00000E+-00} 1.00000E+00} 1.00000E+00 -000005+00 1,00000E+00] 1,000008+00) 
icD |2 2 2 2 2 2 2 
37 K, Pr= 1012257405 Pa, Len 6.06676FO1 | 6.04488T Nt | 6.03707F_M | 6.03444T_O1 1 6.03179R_41 [6.031 108-01 | 6.03 113B-01 
Pap = 2.1181 kein B= 1070-05 Pa- $, | Im 1.49042E+00) 4.38387E+00| 7.0606SE+00] 9.38085E+00/ 1.18833E+01} 1.26932B+01) 1.26508B+01 
pase 3198, 0,5 1.86131 kefm* Q, | 8.00736E-01| 2.3552GE+00] 3.79338E+00 5.03992E+00| 6.38440E+00| 6.81950E+00| 6.79670E 100) 
¥ 9.98003E-01| 9.82030E-O1 | 9.50¢083E-01 | 9.02162E-01 | 8.0033 1E-01 | 7.12477201 | 6.08650E-01 
IcD |2 2 2 2 2 2 2 
oT eraeane Cy | 6.0S273E-O1) G.03578EO1 6.03016E-01 | 6.027068-01 [6.02423E-01 | 6.02290H-01/ 6.02198 O1 
1.067QE-05 Pa-s, | gq, | 2.28695E+00] 6.82615E+-00) 1.13144E401 | 1.57233E+01 | 2.2121 1E+01 | 2,61980H+01 | 3,00883E+01 
0 kg/m? OQ, | 3.22938E+00) 9.639 14E+00/ 1.59770E+01 | 2,22027E+01 | 3.12370E+01 | 3,69939E+01| 4,.24873E+01 
Y 9,997 16E-01 | 9.97441 E-Oi | 9.92892B-01 | 9,86068E-Oi | 9.71568E-~)i | 9,59058E-01 | 9.44273E-01 
ICD |2 2 2 2 2 2 2 
Fy = 255.37 K, Ty6.8947601 068, CG, | 6.05277E-01| 6.03580E-01 | 6.03014E-D1 | 6.02698E-01 | 6.02406L-01 | 602271201 | 6.021640-01 
Pap = 1042.35 kgfan, f= L. $4308-04 Pa-s.| gy, | 3.30527R+01| 9.888 11 E+OL| 1.64647E+02| 2.30385E+02] 3.28962E+02] 3.94665E+-02| 4.6036 1B HI2| 
K= -L.0, py = 1.86131 ke/m? Q, | 1,77578E+O1) 5.31245E+01) 8.84575 E401} 1.23776E+02) 1,76737E+02 2,120366+02) 2,47332E2 
¥ 1.00000E+00) 1.00009E+00! 1.00000H+00! 1.00000E+00! 1.00000£+00! 1.00000E+-00! 1.000004-00) 
icp |2 2 2 2 2 2 2 
= 235. 37K, :37895E-+06 Pa, Cz | 6,04102E-01) 6,02823E-01) 6,02399F-01 | 6,02161E-0! | 6.0194 1E-01 | 6,01841E-01 | 6,01762E-01 
Pap = 92.783 kein’, 1.352GE-05 P PAS, | Gy | 58494800) 1749108401) 2.90625E401 | 4052760401 | 5,74392E4-01 | 6846408401) 7.924 18EOL 
ke = 1.3198, Py = 1.86131 kefn® Q, | 3,14267E+00) 9.3971 7E+00} 1,56140E+01} 2.1773 7E+01 | 3,08596E+01 | 3.6782 7E+01 | 4.2573 1B+01 
¥ 9.99853E-01 1 9.98680E-01 | 9.96332E-Ol | 9,9281 1E-1 | 9,85328E-01 | 9.788730] | 9.71244E-D1 
os icp [2Z 2 2 2 Pare | ee Ds 
83.15 K, Pps 3.44738E+06 Pa, G, | 6039928-01] 6.027548-01 | 6.02336E-01 | 6.02103E-01 | 6.01887E-01 | 6.017878-01 | 6.01709E-01 
“aT ight? = L1310E-05 Pas, | g,, | 5.27652E+00! 1.57901B+011 2.62745E+01/ 3.67199E+01 | 5.22856E+01 | 6.25745E+01 | 7.27764E+01 
£21 3622, Py = 0.70817 keh? G, | 7.450928+00) 2.22970E+01} 3.7 10202401 | 5.1851 8E-+01 | 7.38320E+01 | &.83608R401) 1027676402) 
¥ 9.99943B-01] 9.99483B-01 | $.98578B-01 | 9.97214E-01 | 9,94314B-01| 9,918128-01| 9,888558-01 
IcD {2 2 2 2 2 2 2 
G | 6.03893E-01] 6,02685E-01 | 6,02278K-01 | 6,02049E-0! | 6,01838E-01 | 6.01740E-01 | 6,01663E-01 
Gm | 6.808444+00} 2,038002+01 | 3.39282E+01| 4.7449 F401} 6.76621E+-01 j 8, 10795E+01] 9.44401E+01 
O, | 9.61413B+00) 2.877840 | 4.79097Et0i | 6.70024E+01 | 9.55450E+0/ | 1 144926402) 1.33358E+402 
04 9.99972B-O1| 9.99744E-01 | 9.99289E-O1 | 9.98607E-01 | 9.97156H-01 | 9.95905H-01 | 9.94426E-01 
IcD |2 j2. 2 en 2 2 
Ts = [,37895E407 Pa, G, | 6.037408-01| 6.02586E-01 | 6.021962-01 | 6.01977E-0! | 6.01774E-01 | 6,01680E-01 | 6.01605B-02 
4 = 52004% 1? » f= 41710805 Pas, | Gq | 2.33522E+01} 6.99234E401) 116463402) 1.62989E402] 2.32763E402| 2.79272E402] 3.25777E402 
2-10, fs ga, S.75668B +01! 6,25706R+01! 8,75670E+01! 1.25053B+021 1.5004 1B +02) |,75026R+02 
¥ 1O0DO0E+00 £.00000E+00) 1.00000E+03) 1.00000E+00] 1.00000E-00} 1.00000E+00} 1.00000F+00) 
IcbD |2 2 2 2 2 12 2 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4-BACKGROUND 133 
Table 4-C-6—Selected Round Robin Test Results Mairix—S! Units 
(On = 6.746150 m, ag = 0. GOOOTTTS | min K dm = 9.494308 im, a, = 0,00001685 im/m—K) 
Celt Pa 
Flow Conditions Value | 5595 3035.6 13987.7 2713. 559508 | sose9.1 | 109603.5 
T= 255.37 B, Py= {013252405 Pa, G,_ [139324n-00/ 104244500] 9.297598-01 | 8.67347E-01| 8.0861 1E-O1 | 7.8073 78-01 [7.57973E-D1 
Pip = 932.26 kel’, w= 1.8650 Pars, Gn, |3.03504E+02) 6,81263E+021 1,012708+03) 1.32261E+03) 1.761495+03] 2.04092F+03 | 2.31165E+03 
KS LO, 9, = 910.83 kim? Q, | 3.332178-01] 7.47958E-01] 1.11185E+00| |-45209B400} 1.93394E+00| 2.24073B+00] 253796400] 
¥” | 1.009008+00] 1,00000E+00] 1.00000E+00| 1.00000E+00| 1.00000E+00] 1.00000E+00] 1.00000E+00 
icp |-5 +4 4 4 4 A 3 
CG, |8.31308E-01| 669662801 6.502678 01] 6.413 14E-O1 | 6.3385 7-01 | 6. 30686101 | 6.28288E-01 
Gy | 1789248402] 4.324028 -02! 6.99796H102) 9,66225E102! |.36427B1031 1628948103! 1893208403 
0. | .96440H-01 | 4.7473452-01 | 7.683068-01 1.06082E4+00| 1.49783E+00| 1.788410+00| 2.07854E400 
¥” | Yo0008+00] 1.000008+00] 1-C0000R+-00] 1.000008+00) 1.000008--00] 1.00000E+00] 1000008400) 
ICD |-4 3 3 3 3 3 3 
G, [630862801] 6 178168-01] 6.14102-01| 6.12163E-01 | 6.10445E-01 | 6.09679E-01 | 6.09082E-01 
868-23 kein, = 1.749003 Pa-s, | g¢, | £33106E+02) 391063E1.02] 6 478522402] 9.04129%+00) 1 28790R+03| 1.546440] 1.790167-+403 
1.0, 9, = 910.83 kgim™ 1.46137E-01 | 4.29348E-Ot| 7.11276E-01 | 9.92643E-01 | 1.41408E+00] 1.694772+00] 1.97529E+00 
1,00000E+00] 00000E-06| 1.00000H+00| {.000008+-00] .00000E+00) 1.000008+00) 1.00000B+00 
3 3 Zi 2 2 2 2 
Ty= 288.71 K, Pr= 1013255408 Pa, Tal 6.08688E-01 | 6.05638E-01] 6.046515-01 | 6.04107E-01 | 6.03607E-01 | 6.03378E-01 | 6.03197E-01 
Pro = 999.01 kpiin}, p= 1.1990E-03 Pa-s, 1.37426B+02| 4. 10217602] E012) 9.54750E+02| 1.36280E+03) 1.63474E+03! 1.90662E 403 
2 1.0, py = 999.01 kgm? 1.37562E-0i | 4. 10623801 i} 955696801 | 1.3641SB-+H00) 1.636368+00) 1.9085 1E+00 
¥” | 1.000008+06] 1.00000E+00] 1.00000E+-00] 1.00000E-+00) 1.000005+00| |.000002+00) 1.00000E+00 
cp |2 2 z 2 2 2 2 
G, | 604985101 | 6.03326B_01) 6.027721-01 | 6.02463E-01 | 6.02177E-01 | 6.02045E-01 | 6.019408-01 
4, | 1330156402] 3.07955E+02| .62648E+02) 9272323402] 1323991405) | S8B44E403) 1.55285+03 
a i} 398350701 6.63375F-01 | 9:281518-O1 | 1325308+00| 1590018400] 1.85469B+00 
1.00000E+00| 1,000008--00] 109000800) 1.000008+C0! [00000400] 1.00000E+00| 
2 2 2 2 2 2 
pm 05.51 &, 27> LDLSSEVOS Fe Cr |6.049635-01 | 603340701 | 6.028218-01 | 6.02555E-01 6.02354E-O1 | 6.023020-01 | 6.02304E-01 
1181 kgim’, p= 1.3070B-05 Pass, | gy, | 6.26207E+00} 1.84567H01] 2.973484 01] 3.95 105E+O01| 5.00540E+01 | 5.346448+01 | 5.328221401 
(3198, pp = 1.86331 kg/m? GC. | 3.368108+00] 9.91595E+00] 1.597508+01| 2.12272H+01] 2.68918E+01| 2.87241B+01 | 2.86262E401 
¥" | 9.98003E-01 | 9.82025H-01 | 9,500¢9E-01 | 9.02136E-01 | 8.00278E-01 | 7.12400E-01 | 6.0854512-01 
Ic |2 2 2 2 2 2 2 
GE405 Pa, G “lemaonanaai | acanean_o1| 6022098 01 | 601953E-01] 6.01777E-01| 601680E-01 | 6.160520 
1.0670B-05 Pas, | g,, ~)9.62524B+00] 2.87497R401| 4.76628R+01 | 6.624468+01| 9320978011] §.10393E+02] 1207908402] 
3622, py = 0.70817 keftn? ©, | 1.35917E401 | 4.059726401 | 6.73055E+01 | 9.35433E+01| 1.31621E+02] 1 55885E+02| 1.79039K402 
¥' 9.997166 01| 9.974408 01/ 9.928008-01] 9.86064B-01| 9.7156UB-01| 9.59047-01 | 9.44258E 01 
Icp |2 2 2 2 2 2 
Ty 255.37 K, P= 6804762406 Pa, G [6.03920n-o1 [6 onaTF-O1| Ko 7 OL 
Pry 1042.35 kyle = 1.54305-04 Pas] gy | 139LLLE+02) 4164598402) 6 +03 3 
k=-1.0, p, = L86131 ke/m? Q, |747383n401| 2.23745E+-02| 3.72642E+02| 5.21491E+-02| 7.44712F+02| ¥.93501K+02} 1.042288+03 
Y | 00000509} 1,.000008+00] 1.000008+00| 1000008400] 1 c000UH+00} 1.000008+00} 1.000008+00] 
icp |2 2 2 2 2 2 2 
y= 255.37 K, Pye 1.37895E106 Pa, G | 6.0051E-01| 6.02087E-01 | 6.01 761-01 | 601578001 6.014108-01] 6.01333E-0t | 6.01273E-01 
Bap = 22.783 kale LIS2QE 05 Pas, | dq, | 24631 LHD) 7.36894E401) 1224608402 6-402] 2.42079 8+02| 2, aRS47H102] 3.33980E102. 
A= 13198, py= 1.86131 kg/m? G, | 1,32332E101 | 3.95901E+91 | 6.579248101| 9.17560E+01| 1.30055H102| 1.55024E+02| 1,79433B+02 
¥' | 9.96853E-01 | 9.986795-01 | 9.96331F-01 | 9.928098-01 | 9.85324E-01| 9.78867H-01 | 9.71230E-U1; 
| woke 2 2 \2 2 2 2 
1y= 283.15 K, Py 3AATSEE+O6 Pe, G, | 6.02966E-01 | 6.02025E-01 | 6.0171 12-01 | 6.01523-01 | 6.013678-01 | 6.01291E-O1| 6.012306-01 
6.627 kpim?, w= 1.1310E-05 Pas, | | 2.22194E401 | 6.65250Es01| 1 10715E+02) 1.$4743E402| 2.203583402| 2.637318+02| 3.06738E+02| 
3622, py = 0.20817 ke/n? O, | 3.13758E401 | $.39393E401| |.56340E+02] 2, 18512E+-02) 3.11 1662402] 3.724128+02 4.33 41 E402 
9,99943E--01 | $.994885-0/ | 9.98578E-01 | 9.97213E-01 |9.943128-01| 9.918091-01 | 9.88852E-01 
icp |2 2 2 2 2 2 2 
Ty= 338.71 K, Py= 6 89476E406 Pe, Gj | 6.02888E-01 | 6.01974E-01 | 6,01663B-01 | 6.01488E-01 | 6.013268-01| 6.01251E-01) 6.01191E-01 
“168 kg/m’, = 1.3650E-05 Pa-s, | gy, | 2.86713B+OL| §.58648E101 | 1.429698+02| 1.9996 11+02) 2.85 167B+02] 3417285402) 3.98051E+02 
SOE ay = C7087 gli G, | 4.04g65ne01! 1.212490+02] 2.01885E+021 2.923638+02| 4.0268 1402] 4.92551H 102! 5.620N4B+02 
Y | 9.99972E-01 | 9.99744E-01 | 9.928901 | 9.98606E-0 1 | 9.97156H-01| 9.95904E-01 | 9.94425E-01 
icp {2 2 2 2 2 2 2 
Ty 335.13 K, Py= 1.5 7895407 Pa, G,_| 6.02773E-01 | 6.01899R-O1 | 6.01601F-01 | 6.01434B-01 | 6.012778-01 | 6.01205E-01] 601148801 
Dip = 520.04 kg/m, = 4,17108-05 Pas, | g,, | 9.83457E+01| 2.94612E+02| 4,90775E+02| 6.86894E+02] 9.81023E+02| 1.1770915+03] 1.373 14403} 
1.0, py = 1.86131 ke’? @G, | 5.28368H+01| 1.58282E402| 2.63672E-+02| 3.69038E+02| 5.27060E4+02| 6.32396E+02| 7.37725B+02 
Y | 1,00000H-400} 1.00000E:#00] 1.00000E+00] 1.00000E+-00] 1.000008+00) 1.00000B+00| 1.00000E+00] 
top |2 2 2 2 2 2 2 
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CHAPTER 14—-NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-6—Selected Round Robin Test Results Matrix—sl Units 


osont 0 O0001445 mini’ 


(Op = 0.048262 m, a = 0,00001116 minK, G,, = 0.036908 m, a = 0.00001665 m/im—K) 


Cell wee AR as Net SPM A Ss oe Pw | | 
Flow Conditions Value | 5395 5035.6 | 139877 27415, 559308 | 805621 | 109063.5 
255.37 K, Pm 1. O13058405 Pa, G, _[4.001078+00/ 9.636422+00| 2.19651E400] 1.95699K400] 1.73948F+00] 1.64096E+00| 1.56365F+00 
32. 2.26 ih t= 1.8650 Pars, Gy | 5.27568E+-00} 1.04290H+01) £448 13E+01] {8063 12401 | 2.29364+01 | 25964740 | 2.8865 15401 
=910.83 kg/m? | 5.7921 7-03} 114500102} 1,58990E-02] 1.98315E-02} 2.518192} 2,85066L-02 | 3,169 16E-02 
1.000008+-00] 1.000005-+00] 1.000006:+00] {.00000E+00| 1.00000F-100| 1.000000] 1.00000+00 
Teo |-6 + + 5 a 4 3 
G_[1.822336+00| 1,30068E+00| 1,13011E+00] 1,03488E+00] 9.450555-01 [9,02521E-01 | 8,67928-01 
4 Gn }2.3743 16+00] 5.08399H+00) 7.36212E+00] 943850E+00] 1.23132 +01] 14 108H+01| | SB316E HO} 
fe .0, py = 910.83 kein! | 2.606766-03] 5.581715-03] 8.08287E-03| 1.03625E-02 1.351 86E-02| 1.549235-02| 1,738 151-02 
1-000008+00} 1.000008.00) 1-00000+00) 1.000040} 1.6000012+00} 1.6000013+00] 1.000008+00 
IcD |-s <5 4 [4 4 4 4 
Tr= 353.15 K, P= L.01325E+05 Pa, Cy 9,04948E-01 | 6.891 13E-01| 6.66239E-01 | 6.55156E-01 | 6.45902E-O1 | 6.41953E-01 | 6.38957E-0F 
6843 kam’, = 1.7490E-02 Pas, | qq | 1-15399E-00] 2.64086E+-00] 4.25532B+00] 5.8583SEx00| 8.25085E100] 9.84049B+-00] 1.14270E-01 
.0, 0) = 910.83 kefmm? ©, }1.269168-03| 2.899408-03 | 4,67 1928-03 | 6.43188E-03| 9.05861E-03] 1.08039E-02| 1,25457B-02 
¥" | 1.000c0:+09) 1.000001+00} 1.00€00E+00) .00000+00] 1.000005+00 1.0090013+00) 1.00000%5+00 
= 3 a 3 3 3 3 3 
IBETTK, Fy= OTSI5EHOS Pa, 6.36984E-01 | 6.22575H-01| 6.18795R-01 | 6.16557R-O1| 6.14534B-D1| 6.13618B-01 | 612808601 
99.01 Kgl, jt 1.1990B-03 Pars 8,70567E-01 | 2,55429E-+00| 4,22857E+00) 5,89859E+00| §.3989 E400} 1.00637E+01] 1.17272E+01 
871430804 £.23976E-03 3.90443E-03 10736802} 1. 
1,00000E+00 1,00000E+00| 1.00000E+00] 1.00000E+00) 1.000000} 1.00000B+-00 | 
3 2 2 2 2 2 
6.20235E-01| 6.13454E-01 | 6.1 1266-01 | 6.10059E-01 | 6.08047B-01 | 6.084378-01| 6.080235-01 
8 250591-11} 2.64992E+00| 4008624400) 5.584836400] 8. 10538400] 9.7 1950E+09| |. 133 19EeOL 
8 2.45935B-03| 4.079658-03 | 5.49046E-03 03 3] 1 (3431-02 
1,00000£+00] 1.00000E400| 1.00000E400 700000800] 100000800 | 
4 4 a 2 2 
Cy | 6.20084E-01 | 6.13460E-01 | 6,1 1418-01 | 6,10391E-01 | 6.09 1| 6.09487E-01 | 6.09568E-01 
gp | 3.88876E-€2| 1.13404E-01 | 1.8 1685-01 | 2.39905E-01 | 2.99773E-01 | 3, 156 11E-01 | 3,07558E-01 ’ 
), | 2.089265-2| 6.09268E-02| 9.76116E-02| 1.28890E-01|| 1.6105SE-01} 1.69564E:-01| 1.65237E-01 
¥ 9.97824B-(1 | 9.8041 2E-O1 | 9.45588E-01 | 8.93353E-01 | 7,82353R-01 | 6 8658801 [ 5.73411E-01 aoe 
Lep |3 2 2 _i2 2 20 2 | 
TG 6.158 10-011 6.10761 FOF | 6.09 108F-11 | 6.08196F)1 | 6.07369P111 6.06999R4111 6.06714F-01 
“49831 kphn?, f= 1.06708-05 Pass, | g,, | 5.94099R-C2| 1.763328-01 | 2.916312-01 | 4.046171 | 5.679742-01 | 6715671-01 | 7.699 1613-01 
3622, py = 0.70817 ke/m? G. | 8.38921E-02| 2.486968-01 | 4.1 18108-01 | 5.713568-01 | 8.020308-01| 9.483136-01 | 1.087198+00] 
| ¥" | 9.996008 Ct| 9.972118 01|9.92252E 01/9.84813E 01| 9.69006E 01|9.55369B 01/ 9.392528 OL 
LICbD | 2 2 2 2 v4 ed & 
Tye 755.47 K, Pr 689476406 Pa, |G, [6.1581SR-01[ 6.107501 | 6.090017-01 | 6.081641D1 | 6.07206E-01 606910001 | 6.06597 2-01 
Pip 1042.35 kg/ar a= L. SHOE U4 Pa a Gry BSBSIVEADL | 2.55407 K+00| 4.24615E+400] 5,93557L+00| 8.4674 16+00) 1.01543K+01) 1.18405K+01 i 
kewl 0, Py= 1.86131 kg/m? ). | 4.61287E-O1} 1.37251E+00} 2.28127E+00) 3, 18892K+00) 4.54917E+00) 5.45545E+00) 6.36140E+00| 
L.OD000E+00} 1.00C00E+00) 1.00000E+00] 1.000008+00) 1000002300} 1.00000E+00] 1,00000E+00} 
ICD }2 2 2 2 [2 * 2 2 
1,37895E+06 Pa, G;_| 61250401 .0RS4SE- 07] 6.0728BE-01[ .0G580E-01 | G0594GR. 01] GO565AR. 01] 6O523E. OF 
H= 1.3520E-05 Pas, | g,, | 1.51376E-011 4, 117,478015-01 | Loazese+oo! 1.47432H+00! 1755695400] 2.03010H400! 
fe 1. 3198, Py i 86131 gin a 8.13274E-02 Brite 01} 4.01760E-01 | 5,59652E-1 | 7,92090E-01 | 9.43254B-01) LOI068EHH) a 
9.99840E-O1 | 9.98561 E01 ; 9.96002E-01 | 9.926401 | 9.84007E-01] 9:76971E-01| 9.68654E-01 
rp {2 2 2 2 2 2 2 
Trs 283.15 K, Pre 3.44738E+06 Pa, Gy 6.LL984E-01 | 6.08334E-01 | 6.071 10E-01 | 6,06426B-D1 6.057931-01| 6.05502E-01 6.05273E-01 | 
Pep 26.627 kg/m’, p= 1,131QE-05 Pa-s, | q,y 1,36512E-01 | 4.06896H—01 | 6.76121E—01 | 9.44095E-01 | 1,34303E+00] 1.60644H+00] 1.867378+00} 
k= 1,3622, p, = 0.70817 kgf? i 1,92767E-O1 | 5.74573E-O1 | 9.54744E-01 | 1.3331 5E+00| 1.89648E+00] 2.26843E+00| 2.63690E+00| 
¥ | 9.99938B-01 | 9.99442E-01 | 9.98450E-01 | 9.96963E-01 | 9.93801E-01| 991074E-O1| 9.87850E-O1 
Icp 12 id 2 2 2 2 4 
Ty= 338.71 K, Pj= 6.89476E+06 Pa, G | 6.11705E-01] 6.08147E-01 | 6.06952E-01 | 6.06283E-01 | 6.05603E-01 | 6.05377E-01| 6.05151E-OL 
Pip = 44.168 kg/m}, H= 1.3650E-05 Pa-s, | gy 1.761 18E-Ol | 5.25156E-01 | 8.73104E-01| 1.22009E+D0} 1.73845E+00) 2.08230E+-00| 2.42450E+00} 
A 1.3622, 6, ~ 0.70817 kevin G, | 2.426951-01 | 7.415680-01| 1.232901+00] 1.72288T+-00| 2.454R4TH400} 2.94039T+-00) 3.423620+00 
z 9.99969E-O1 | 9,99721E-O1 | 9,99225B-01 | 0.9848 1E-0f | 9.96900R-01 | 9.95536B-01] 9,93924R-01 
IcD |2 2 2 2 2 2 2 
T= 333.15 K, Py 1.37805E+07 Pa, Gy _| 6.1 1251E-O1 | 6.07855E-01 | 6.06711E-01 | 6.06071F-01 | 605474E-01| 6.05190H-O1 | 604980801 
Pip = 520.04 ke/m*, = 4.1 7LOE-05 Pas, | gy | 6.05764H-01 | 1.80125E+00] 2,996421+00] 4, 1905600] 5,98062E-00] 7.17348E+00) 8,36003E+00 
kel O, Oy) = 1.86131 kg/m? i 3.24376E-O1 | 9.6773 1 FOL [ 1.60984E+00| 2.25140E+00| 3.21313E+00] 3.85400E+00| 4.49470E+00; 
¥ | 1.90000E+00] 1.06000E+00] 1.00000+00} 1.00000E400] 1.00000B+00] 1.00000E+00) 1.00000E+00 
IcD {2 - 2 2 73 = 2 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFIGE METERS, PART 4—BACKGROUND 135 
Table 4-C-G—Selected Round Robin Test Results Matrix—3l Units 
(Dy; = 0.079870 m, o = 0.00001116 m/im-K, d,, = 0.055166 = 000001685 m/m-K) 
Cell —— 
Blow Conditions Value {550.5 5035.6 13987,7 27415. | 55950.8 0569.1 109663.5 
72 255.37 K, Py G% {34403 LE+00] 2.29146E4+00] 1.921301+00] 1.71974H 100] 1.53657E100| 1.45350E+00| 138825500) 
Gn | LOL2SBE+O1) 2.0239SR+01 | 2.82832R+0t | 5. 54425701 | 4.523926 | 5. 455230401) $.722 1ST OL 
@, | 1,11204E-02) 2.22209%-02 | 3.1052 1-02 | 3.89123B-02 | 4.96681E-2| 5.63797E-02) 6.28234B-02 
¥ | 1,00000E+00} 1.00000F-+00] 1.000001+00] 1.00090E+00} 1.000001+00] 1.000008+00] 1.00000E+00) 
Icb |-6 6 “5 a = = = 
Ty= 293.15 K, Pp= 1.01325E+05 Pa, Gy | 1,60636E+00) 1,16515E+00] 1.01822E+00} 9.343901 | 8.532 19B-01| 8.13806L-01 | 7.81200E-01 
PB, 907.60 kg/m’, pe = 2.1220E-O1 Pas, |g, | 4.673182+00/ 1.01690E+01| 1.48110E+01} 1.90283E+01| 2.482 18E+01| 2.84102B+01| 3.18172E+01 
=-1.0, 2, = 910,83 keém* @, | 5.13068E-03] 1.1 1645E~02| 1.626100-02| 2,08912H-02 | 2.72518E-02| 3.11915E-02| 3.49321E-02. 
¥ | 1,000002-00} 1.00800L+00] 1.0600033+00] 1.00000T+-00] 1.00000E+06] 1.00000L+00] 1.00000L+00 
Icp | 5 -4 4 4 4 ai 4 
Ty 353,15 K, P= 1.01325E205 Pa, C, | 8-16C0LE-O1| 6.68533E-01 | 6.50958E-01 | 6.42337F-01 | 6.35054E-01| 6.319175- | 6.295228-01 
Pip *= 868.43 kg/in}, t= 1.7490E-O2 Pa-s, | qq | 2.32744E+00| 5.72052E+00] 9.283535+00| 1.28248E+01 2.51379E+01 
k=-LD, (= 910.83 kpan @, | 2.55529F03) 6.28056E-03 | 101924702) 14080402 2) 2.75989E 02 
¥ | 1.00000E+00} 1.00000E+00] 1.00000E+00] 1.00000H-+00 1,00000H+00] 1.QU0U0E+00 
Tep |--4 3 3 3 3 3 
Ty= 188.71 K, Py= 1,01325E405 Pa, CG _ | 6.27946E-01 | 6.(6496E-01 | 6.13002E-01 | 6.11115E-01 | 6.09400E-01 | 6.0862 LH-01 | 6.08007E-01 
99.01 kefin®, t= 1. 1990E-03 Pas, | 4, | 1.91626E-+00] 5.64402H400| 9.3533513+00] 1.305444+01] 1.8596BE+01} 2.22876E+01 | 2.59760E+01 
0, p, = 999.01 kesm® O, | 1.91816E-03] 5.6496 17-03 | 9.262621-031! |.206731-02 | 1.861526-02! 223097202! 2.60017E 02 
F¥ | 1.00000F+00) 1.000005+00] 1.000008+00] 1.000008+00} 1.00000E+00) 1.00000E+00} 1.00000E+00} 
- 7 Icp |3 3 2 2 2 2 
Ty= 972.04 755 1.013258-05 Pa, | Gy | 814I97E-Oi | 6.08468E-01] 6 6.05564E-0i | 6.04609E-01 | 6.041 70B-Oi | 6.03822E01 
rt 753 sige, #5 2.8250E-O4Pa-s, | gq | 1,82562E+00| 5.42582E+00 9101525400 1.25998B+01} 1.79713B+01| 2, 15499E+01| 2.51271 E+01 
1.0, 2, = 999.01 kgan™ @, | 1.82743E-03] 5.431208-03| 9.02416B-03] 1.26123E-02| 1.79891E-02| 2, 157 13B-02| 2.51>20L-02 
¥ | 1.00C00E+00] 1.00000E+00] 1.00000E+00] 1.00000E+00] 1.000002100] 1.00000L+00) 1.00000E+00 
Iep |2 2 2 2 2 2 2 
255.37 K, Pps 1.013258+05 Pa, G, | 6.140898-01 | 6.08492R-01 | 6.06748B-01 | 6.05868F-01 | 6.05231B-01 | 6.05002R-o1| 6.05161 Fit 
1181 kefin’, ge = 1.3070E-O5Tas, | dy | 8.59906E-02) 2.51165E-01 | 4025861501 | 5.5173 [E01] 6.64582E-01 | 6.997778-01 | 6.820008-01 
3198, p, = 1 36131 hgh? Q, | 4.61990E-02} 1.34940K-OL| 2.162930-01| 2,85676E2-01 | 3.57051B-01 | 3,75959B-01| 3.66409E 411 
Y 1} 92 8,924028-01| 7.824546 01) 6.867341-01) 5.73611E-01 
ICD [2 2 2 2 2 2 
a 283,15 K, Fy= 6.89476E+05 Pa, C; | 6.10484E-01 | 6.0618 1E-O1 | 6.04760F-01 | 6,039761-01 | 6.03264E-01 | 6.02945E-01 | 6.02699E-01 
= 4.9831 kg/in’, p= 70B-O5 Pars, ng | LS 1SOGE-O1 | 3.90769E-O1 | 6.46523L-01/ 8.971871) 1.25964 00] 1.48952E1 00] 1.70778E+00} 
(ee 3602, P, = 0.70817 kefm? Q, | L.85698E-01 | 5.5 1801E-OL | 9.12949R-01 | 1.26691E+00) 1.77873E+00] 2. 10334B+00) 2.41 1540400] 
Y — | 9.99690E 01) 9.97212L-01 | 9.92255E-01 | 9.84820E-01 | 9.69021E-01 | 9.55390B-01 | 9.39281E-0)1 
IcD |2 2 j2 2 2 2 2 
Ty= 155.37 K, Py= 6.89476L+06 Pa, G | 6.104928-01] 6.06183E-01 | 6.0475 1E-01 | 6.03954B-01 | 6.032 14B-01] 6,02873E-01 | 6.02602E-01 
Pag SSS ee gene SAINI ek | TABUSR EON SOARED 4 E00 1.87790E+01 | 2,252218201| 2.62640B+01 
k=-L0, py= 1.86131 kg/m? Q, | £.02108E+00) 3.04165E+00| 5.057432:100} 7,07L07E1-00] 1.00892E+01} 1.2L001B+01] 1.41 105E+01 
[.000008+00) 1.000008+00) 1.600008400} 1.0000011.00) 1,06000E1-00) 1.60000E+00} 1.00000E+00) 
: 1ep 2 14/2 12 2 2 2 2 
= 255.37 K, Pps 1.37895E+06 Pa, G; | 6.0750GE-01 | 6.0428 1E-O1 | 6.03199E-01 | 6.02596B-01 | 6.02040L-01 | 6.01787E-01| 6.01588E-01 
2.783 kp/m?, j= | -3520E-O5 Pa-s, | g, | 3.35349E-O1| 9.99430B-O1 | 1658488400] 2.310628+00| 3.27074E+00| 3.895208+00| 4.50425E+00| 
3198, p, = 1.86131 kefm* Q, | 1,80168E-01 | 5,36955E-O1 | 8,91030E-O1] 1.24139B+00| 1.75723L1-00] 2.092726+00| 2.41994E+ 00} 
¥ — | 9,99840E-01 9.98561B-OL | 9.96004E- O01] 9.92167E-01 | 9,84015B-01] 9.7698 18-01 | 9.68669E-0L 
Icb |2 2 {2 2 2 2 2 
y= 283.15 K, Pps 3447388406 Pa, Cy | 6.072Z28E-01 | 6.04096E-01 | 6.03040E-01 | 6.0245 1E-01] 6.01904E-01 | 6,01652E-01| 6.01453E-01 
Pip = 26.627 ke/m’, p= 1,1310E-05 Pa-s, | g,, | 3.02441B-01 | 9.02205E-01 1.4995613+00| 2.09420E+-06| 2.97952E+00] 3.564 I3E+00] 4. 14327F+00) 
BUEN kale @, | 4.27074B-O1) |.27399B+00) 2.1175 1B+00| 2.957208+00| 4.2673617.00) 5.03287F+00| 5.85067B+00) 
¥ — |9,99938B-O1| 9.99442B-01 | 9.9845 1E-O1 | 9.96964E-01 | 9.93804L-01 | 9,91078E-01 | 9.87856E-01 
IcD |2 2 2 2 2 2 2 
y= 338.71 K, Py 6.894766406 Pa, G; | 6.06980B-Dt | 6.03926F-H | 6.02895E-01 | 6.02318E-01 | 6.017821-01 | 6.01535E-01 | 6.01339E-01 
Pip = 44.168 kg/m’, f= 1.3650E-03 Pas, | g,, | 3.90206E-01| 1.16445E +00) 1.93647E+00] 2.70646B+00] 3.8568 1E+00) 4.61994E+00| 5.37946E+00) 
k= 1.3622, p,=0.70817 ke/m? Q, |5.510078-01| 1.6443 1400] 2.734486 100] 3.82176E1 00) 5.445 16E100| 6.52377E+-00| 7.59628E+00 
¥ | 9,99969E-01| 9.99721E-O1| 9,99225E-01 | 9,98482E-01 | 9.969014-01 | 9,99538E-01 | 9.939268-01 
Icp |2 2 2 2 2 Bynes el 
Tym 333.15 K, Pre £.37895E107 Po, G; | 6.06592B-01] 6.03675E-O1 | 6.02688E-01 | 6.02135E-01 | 6.016206-01| 6.013821-01 | 6.01 193E-01 
Pip = 520.04 ken’? w= A.L7{0E-05 Pas, | g,, | 1337848400) 3.994248-400] 6.646172 400) 9.29610E100] 1.32688P+01) 1.59162B+01| 1,85631E+01 
1.0, p= 1.86131 kg/m Q, | 7.18760E-01| 2,14593E+400] 3.57070E+00] 4.99439E+00 9. 
Y | L.0G0008+00) 1.000008403) 1.00000E+00) 1.000008+.00 i 
| Icp [2 2 {2 2 2 
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136 CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-6—Selected Round Robin Test Results Matrix—S! Units 
(Op = 6.102270 m, dg = 0.00001116 m/m-K, dy = 0. 076786 Mm, oy = 0.00061665 m/m—K) 


| “Pa 
Cell dete ne 

Flow Conditions Value | 559.5 5035.6 139877 27415. 559508 80569.1 109663.5 
T= 255.37 K, Pr 101325408 Pa, €, _[3.06061E+00] 2.058028+00| 1.7349613+00| 1,558911-00] 1.39865E+00| 1.325818+00} 1.26848E+00] 
* 1.8650 Pa-s, Yon 1,75057E401 | 3,53160640 | 4.96203E+01 | 6.2419] 13+011 8.00035E+01| 9.10044E-+0i | 1.01580E+02) 
0, 2 = 910,83 ke/m? Q, | 1.92206L-02| 3.87734I2-02| 5.4478 1-02] 6.85299E-02] 8.78359E-02| 9.99137E-02| 1.11525E-01 
Y | 1.00000E+400] 1.00000L++00] 1.000005+001 1.00000B+00) 1.00000B+00) |.000008+00! 1.00008 +00} 

6 5 5 5 -5 5 3 


1.45976E+00] 1.07087E+00} 9,37931E-OL| 8.60054E-01 | 7.82521E-O1 | 7.43997E-Ol | 7.11685E-O1 
8.250628+00) 1.81580B+01  2.650635:01) 3402768401 4.42287B +01) 5.04615B401 | 5.631498 401 
9.05835E-03 | 1.99357E-02 2.91012B-02) 3.73589B-02| 4.85587E-02) 5.54017E-02 | 6,18282E-02 
1.000000] 1.0000CE+00] 1.00000E+-00] 1.000002+-00] 1.00000B+00| |.00000E4+400] 1.00000E+00 
cD |-5 A 4 4 4 4 3 
7.46085E-01 | 6.55357E-01| 6.41001B-01| 6.33877H-01 | 6.27798E-01 | 6.25158E-01 | 6.23134E-01 
| 4,13449B+00} 1,0895 1E401| 1.77606E101] 2.45885E+01| 3.4789SE+01| 4157198401! 483435E401 
4.530176-03 | 1.19617B-02| 1.94993B-02| 2.69957H-02] 3.81954P-02| 4.36418B-02.| 5.30763E-02 
1.00000E+00) {.00000E++00] 1.00000E+00] 1.000002+00] 1.000008+00| 1.00000E+00) 1.00000E+00 
4 2 3a 3 a a 1a 
4 3 3 3 3 3 3 
6.21807E-1 | 6.11965E-01| 6089 10E-01| 6.07251E-01 | 6.05738E-01] 6.05048E-O1 | 6.04504E-O1 
| 3.68659K+00| 1.08848F+01| 1.80507E+01] 2.520228401| 3.59134E+01| 4.30470E+01 | 5.01763E+01 
1.08956B-02/ 1.80686E--02 2. 02) 3.59490E-02| 4.30896E-02 | 5.02260E-02 


.01325E+05 Pa, 
1,7490B-02 Pa-s, 
0, ie = 910.83 kgfm? 


Ty= 288.71 K, Pr= 1.01325E405 Pa, 
999.01 kwfin’ 1.1990E-03 Pa-s, 
0, py = 999.01 kgim* 


Q, 

Y 

IcbD 

on 

Im 

g, 

¥’ | 1,00000E-+00 1 0000GE400) 1.00000H+00 ‘To0000t+00 1,00000E4+00} 1.00000E+00) 1.00000E+00) 
Icp [3 2 2 2 2 2 2 
ce 

Gn 

gy 

¥ 
IcbD 


6.09944E-01 | 6.04898E-01 | 6.03239E-01 | 6,023 18E-01 | 6.01467E-01 | 6.01075E-O1 | 6.00764E-O1 
1.741 82E+01) 2.43483R+01 | 3.47341 E401 | 4.16537 R401 | 4.85 709R401 
B3E 031 43724E-02! 3.476R5E-02) 4, 1695002 | 4,86190F 02, 
1,00000E+00} 1,0000CE+00} 1.000002+00) 1.00600E+00) 1.00000E+00) 1.00000E+00] 1.00000E+00. 
2 2 2 2 2 2 2 


= §,01325E405 Pa, 
-82S0E-O4 Pa-s, 


1,74355E-02 


1325E+05 Pa, CG, | 6.09809E-D) | 6.04939R-01| 6.033922-01| 6.02009R-G1 | 6.02043E-O1 | ¢.01919E-0i | 6.019831 

1.2070E-05 Pes, 1.65916E-01 | 4.85098E-01| 7.77728E-01|| 1.02722E+00] 1.28353E+00| 1.35097E+00] 1.31574E+00| 

8.91394E-02 | 2.60622E-01 | 4.17839E-O1 | 5.51879E-01 | 6.89582B-0i | 7.25814E-01 | 7.06890E-01 

997819E-01 /9.805756-O1 | 9.454855-01] 893151B-Ol| 7.819415-01| 6 85996E-Ol| 5.7260s-01 
2 ¥! 2 2 2 

808-01 | s.999958-01 | 5,99775R-01 | 


& 


‘si 


8R3E-011 6.01 6165-01! 6.009 178-011 6 


2 RE 
2.53908E-D1 | 7.55064B-01j 1,24954R+00} 1.734 19E+00] 2.43500E+00} 2.87942E+00] 3.301338+00 
3.5854 11-1 | 1.066220+00) 1.76446+00] 2.448841+00] 3.438436+00] 4.06600L+00] 4.66178E+00 
9,99689E-01 | 9.97205E-01] 9.922371:-01 | 9,84784E-01 | 9,68948E-01 | 9.5528513-01 | 9.39137E-0L 
2 2 2 2 2 2 2 
6.06708L—01 | 6.02889E-01] 6.01613E-01] 6.0090LE-01| 6.00240E-01 | 5.99935L-01 5.99693E-01 | 
3,66956E+00| £.09395E+01) 181938401] 2.54412E+01) 3.63046E+01 | 4.35434E+01| 5.07802E+01 
1,97149E4.00| 5.87730E+00| 9,77475E+00| 1.36685E+-01] 1.95049E+01 2.32940E+01 | 2.72819E+01 
1,00000E+00! 1.00000L+00] L.C000E+00) 1.06000E+(0] 1,00000E+00| 1,00000E+09} 1.00000E+00) 
2 2 2 2 2 a 2 

~ | 6.04065E-01 | 6.011948-01| 6.00227E-01 | 5.99687E-01| 5.99190E-01 | 5.98963E-01 | 5.98785E-01 | 


6.ATSIEE-O1 | 1.93181E 1001 3 20624200! 4 AGTIOE. O01 6324178100} 7.531 78E 1001 &. 70955E+00 


3.48054E-01 | 1.03788E+00] 1,72257E+00] 2,.40013E-+-00| 3.39770E+00| 4.04649E-+00) 4,67926E+00 
9.99840E-01 | 9.98558E-01 } 9.95994E-01/ 9,92149E-0i | 9.83977E-01 | 9.76927E-Ol | 9,68595E-01 
2 Zz 2 Zz z a 2 

6.0381 3E-01 | 6.01024E-01 | 6,00081E-01/ 5,99553E-01| 5,99063-01 | 5,98838E-01 | 5,98660E-01 
6.627 keim?, nel, 1310B-05 Pa-s, 5.84289E-01 | 1,74392E+00| 2.89908B+00| 4,04908E+00| 5.761322+00) 6.89198E+00| 8,01206E+00| 
3622, p, = 0.70817 kg/m” Q, | 8.25068E-01 | 2.46257E+00) 4.09376E+00] 5.71767E+00] 8, 13550E+00/ 9.73209E+00| 1.1313 7E+0L 


¥ 9,99938E-01 | 9.99441B-01| 9.98447E-O1| 9.96957E-O1 | 9.93790E-01 | $.91057H-O1 | 9.87827E-01 

ICD |? a 2 2 2 2 ES 
Tp= 338.71 K, Pye 6.89476E106 Pa, Cy | 6.03583K-01 | 6.00862B-01 | 5.99941E-01| 5.994235E-01 | 5.98945E-01 | $.98723E-01 | 5.98548E-01 
168 kg/m’, jt 1.3650E-05 Pa-s, | gq | 7-53868E-01 | 2.25087E+00| 3.74583E+00| 5.23294E+00| 7.45779E+00| 8.93377E+00) 1.04026E-+01 
3622, py = 0.70817 kya GB, | 1.G6dS3EH00] 3.17843E400) 5.28662E400) 7.38939E400) LOSSTIE +O! | 1.261 538401 | 146897 EL01 
9,99969E-01| 9,99720B-01 | 9.99223H-01] 9.98478E-01 | 9,96894B-01 | 9.95527E-01 | 9.93912E-01 

IcD |2 ae 2 2 [2 2 es 
Tp= 333.15 K, Pi A TROSEAOT Pa, &; ~|6.03240E-01 | 6.00640B-01) 5.99757E-01) 5.99262E-01)| 5.98800E-01 | 5.98587E-01 | 5,98417B-01 
Pry = 520.04 kel’, f= 4.17 0E-05 Pa-s, | dy 7 258484200] 7.721 166400) 1. 28497E401) 1.797471401) 2,56583E401 | 3.07790E+01 | 3.58987E+01 
k=—-L0, 6, = 1.86131 kgf Q, | 1.38872E+00] 4.14824E1-00! 6.90356E+00| 9.65700E+00) 1.37851E+01] 1.65362E+01 | 1.92868E+01 
¥ 1,00000E+00] 1.00000£+00) 1.00000E+C0} 1.00000E+00) 1.00000E+00) 1.00000E+00) 1.00000E+00 

Icb [2 2 2 2 2 2 2 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4—BACKGROUND 137 
Table 4-C-6—Selected Round Robin Test Results Matrix—Sl Units 
(On = 0.202729 Mm, a = 0.00001116 min-K, a, = 0.152003 m, a = 0.00001665 m/m-K) 
[ call Pa 
Ftow Conditions Nalue 559.5 3035.6 13987.7 2715. 55950.8 80569.1 109663.5 

Tr= 255.37 K, Pr= 1.01325E+05 Pa, C, | 2.39586E+00| 1.64930E+00] 140824800] 1276227400) 1.15506E400 1.09942E+00! 105522800 
32.26 Keim”, = 1.8650 Pa-s, Gn | 3.36L6LE+0L) 1107288402] 1.57573E+02) 1.9992264+02) 2.58489R 402) 2.9594 3E+02| 3 3060SF+02 
0, Pp = 910.83 ke/m? ),, | 5.88651E-02| 1.21569E-01} 1,72999EH | 2.19494E-01 | 2.89795E-01 | 3.24148E-01 | 3.629716-01 
1.00000F4+001 1.000007+001 1.00000E+00! 1000001400! 1.00000E+00] 1.00000E+00} 1.00000E +10) 

-5 5 4 4 
Tp= 293.15 K, Pps 1.013256405 Pe, OL 6.69399E-01 | 6.62896E-01 

7.66 kw Oi 02 E+02| 2.052 19F- 

k=—LO, P, = 910.83 kefn? OQ |2.91670B-02 | 6.54183H-02| 9.52837E-02) 1.21320E-01 | 1.64735E-OL| 1.95076F-01 | 2.2531 v1 
¥ 1,00000E+-00) 1.09000E+00) 1.00009E:-00] 1.00CO0R+00) |.00000E+00] 1.60000E+00] 1,00000E+00 

[cD |-5 4 4 3 3 4 3 
Tp= 353.15 K, Prz 1.01325E+05 Pa, G, | 6.70076E-01] 6.345748-01 | 6.25047E-01 | 6.20204E-M1 | 6.15992F-0t | 6.14137E D1] 6.12709R-07 
f 68.43 ke, = 1.7490E-02 Pa-s, |g, | 1452736401] 4.12733R+01] 6.77559R+011 9.41939F408! 1.49549R402! | 50776R+09! 1. 85069R+02 
O. p, = 910 83 kom? 1.59495B-02 | 4.53139E-02| 7.43891E-02] 1.03338E-01 | 1.46623E-01 | 1.75418B-01 1 2.04176E-0) 
1.00000E+00} 1,000001+00} 1.00000E+00} 1.00000E+00] 1.00090E+00] 1.00000E+00] 1.00000E+00) 

EZ ES 2 3 3 3 3 
Ty= 288.71 K, Py= 1.01325B+05 Pa, C, | 6.11773B-01| 6.04594E-01 | 6.02306E-01] 6.01052E-01 | 5.99900L-DL| 5.99373E-O1 | 5.98957E-0} 
1.1990E-03 Pa-s, | qq, | LA1904E+01] 4.20722E+ 01 6.98547E+01| 9.75929E+01 1.39151E4+02| 1,66835E+02| 1.94505K+02 
kp/m" Q, | 1.4204514-02| 4.21 139E-02| 6,99239E-02] 9.76896E-02| 1.39289E-01 | 1.67000E-01 | 1.94698E-01 
¥ 1,.00000H+-00} 1.00000H+00} L.COQ0JE+00} 1.00000E+00) 1.00000R+400] 1.000002-+400] 1.00000E+00 

ener IcD |3 2 re 2 a 2 2 2 
Ty= 372.04 K, Pre 1,013058105 Pa, G, | 6.03062E-01] 5.99236r-01] 5.97963E-01] 5.97253E-01 | 5.96595E-01 | 5.96291E-01 | 5.96051B-01 
41.75 kein, f= 2.3250K-64 Pas, | 2, 1.36750F401] 4.05162E+01) 6.75497E+01) 9.44573E401 | 1.347900402] 1.61666E+02| 1.885346402 
0, 25 = 999.01 kal’ Q, | 1.36385H-02 02) G.7GIGGE 02) 9455008 02; 1.24924B-O1) 1.61826E-O1) LS87218-01 
¥ 1,00000E+-00} 1,09000E+00} 1.00000E+-00} 1.00C00E++00) 1.00000E+00) (.00000E+00] 1.00000E+00) 

wpo]2 {2 2 2 2 2 2 
JFK, Peel Cz, | G.03030E-01 | 5.99Z99H-01 | 5.9811 HE-OL| 5.97508E-01 | 5.97070E-OL | 5.96975E-O1 | 5.97023E-01 
mtr kein’ = 1.3070E-05 Pes, Gy | 6.4185 1-01 | 1.83022E+00] 3.01633E+00] 3.98542E+00} 4.981 898-400) 5.24507E+00] 5.1 1007 +00) 
3198, py= |. 86131 kg/m? Q, | 3.44838E-01| 1.01016E+00| 1.62054E+00] 2.14119E+00} 2.67655E100| 2.81795E+00| 2.7454 1B +00 
9.97822E-01 | 9.804001-01 | 9.455556-01} 8.93287E-11 | 7.8221 8-01 | 6.86394F01 | 5.73148E-01 

2 2 2 2 2 2 
‘ : 6.0063 IE-O1) 5.977 122-01! 5.96734E-0 HO3E-O1 | 5.95698R- 01) 5.954776 01! 5.05306E 0! 
1.0670E-05 Pa-s, | G_ | 9.83447B-O1| 2.92874E+00) 4.84899E+00] 6.73 155E100} 9.45420E1+00} 1.1181 1E+01| 1.28208B+01 
3622, Rae kg/m? Q, | 1.38872B£00) 4.13565E+00} 6.84721E+00| 9.50555E-+00] 1.33502E+01! 1.57887E+01! 1.81041 E401 
¥y 9.99690E-01 | 9.97209E-01 | 9.92247E-O1} 9.84804E-01 | 9.0898 7E~01 | 9.55341 E-Ol | 9.39215B-01 

L icp |2 2 fe Pa 2 2 2 2 
Tp= 255.37 K, Pr 6.994760406 Pa, CG, | 6.00648E 01] 5.977242 OI] 5.96730E O1/ 5.96188E 01] 5.05675E 01| 5.95438E-01| 5.95250E-O1 
042.35 kel’, = 1.5430E 04 Pas,| dy | 1.42132E+01] 4243242401] 7.060395+01] 9.87542E+01| | 40956E+02/ 1.69080E+02/ 1.97198F+02 
0, pee LBBIT kgimn* Q, | 7.6361 LE+00) 2.27971E+01) 3.79324E+01} 5.30563E+01 | 7.57295E+01 | 9.083926+01 | 1.05946E+02! 
¥ 1,00000E+00] 1.030005+00) 1.00000E+00} 1.00000F+00] 1.00000E+09] 1.00000E+00; 1.000008+00: 

Ip |2 [2 2 ae 2 2 2 
CG; |5.98628E-01} 5.98415E-01| 5.95664E-01} 5.95245E-01 | 5.94858E-01] 5.9468 {E01 | 5.94543B-01 
Gq | 2.51175B400) 7.4978SE+00} 1244878201) 1.734878+01) 2.456401%401 | 2.925720401) 3.38348E+01 
Q, | 134945400} 4.02826E+00} 6,688 12E+001 9,32069E+00) 1.31972E+01| 1.57186E+01| £.81779E+01 
¥ 9,99840B-01} 9,98560E-01} 9.95999E-01 | 9.92159E-OF| 9.83997E-01 | 9.76956E-O1 | 9.68635E-01 

TCD 42 z z 12 Zz a z 
G | Sope2ee- ot 5.95275E-01] 5.95543E-01 | $.95133E-O1 | 5.94752E-O1 | 5.94576E-01 | 5.944385-01 
6.627 kgf’, Bel TBIOE.05 Pa-s, | Gy | 2,26555E4-00] 6.7589 LE+00] 1.12564E+01] £.57247E+01| 2.23782E+08| 2.67722E+01| 3.11253E+01 
13622, Py = 0.70817 kg/m? Q, | 3.199 160400] 9.55831 E +00} 1.58951E+01) 2.22047E+01| 3.1600fE+0L! 3.78048E+01 | 4.395 [8B+01 
¥ 9.99938E-O1 | 9.99442E-01} 9.98449E-OL] 9.96561 E-01 | 9.93797E-O1 | 9.9 1068E-D1 | 9.87843E-01 

ten |o 2 2 2 9 2 2 
T= 338.71 K, P45 O.894TGE+06 Pa, Cy | 5.98236B-01 | 5.95135E-01 | 5.95420E-01 | 5.9501 98-01 | $.94645F_01 | 5.94473E-O1 | 5.94336E-01 
4.168 kg/m’, p= 1.3650E-05 Pa-s, | qq | 2-923251+-00] 8.7368822+-00] 1.45367E+01] 2.03226B+01) 2.89680E+01| 3.47039E+01| 4.04130B+01 
3622, py = 6.70817 kgf? Q, 1 4.12790B400) 1,.23373E401) 2.05272E+01 | 2.869738+01 | 4.09055i-+01 | 4.9005 1B +01 | 5.70668E401 
¥ 9,9996913-01 | 9,99721B-01 | 9.99224E-01 | 9.98480E-01 | 9.96898E-01 | 9.955331-01 | 9.93920E-01 

icp |2 2 2 2 2 2 2 
Tr= 333.15 K, Pye 1.37895E+07 Pa, , | 5.97974B-01 | 5.95964E-01 | 5.95279E-O1 | 5.948048-01 | 5.94534E-01 | 5.94368E-01 | 5.94235E-01 
Pap = 520.04 kg/in?, we 4.17 08-05 Pa-s, | @,, | 1002456+01) 2.99726E+-01] 4.98968E+-01| 6.98103E+01) 9.96687E+401| 1.19569E+02! 1.30466E+02 
ke-10, Py = 1.86131 keim® Q, 5.38570E+-00! 1,610306+01! 2.68074E+01] 3.75060E+01] 5.35476F4011 6423927401! 7.49290R+01 
¥ 1.000006+00) 1.0900054-00] 1.00G00E+00) 1.00000E+00) 1.00000F+00| 1.00000B+00} 1.00000E4+00| 

ICD |2 2 2 2 2 2 2 
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CHAPTER 14—NATURAL GAS FLUIDS MEASUREMENT 


Table 4-C-6—Selected Round Robin Test Results Matrix—S! Units 


(Dp = 0.363518 m, op = 0.00001116 m/m-K, dj, 


= 0.272653 m, of, = 0.00001665 m/m-K) 


Pa Pa 
fern 
low Conditions Value |" 559.5 5035.6 139877 | 27415. 359508 | sos6o.t | 1096635 
Spe BST K, Pye [196154800] 1.38180E+00| 1.19299E+00] 1.08827E+00] 9.90379B-01 | 9.444908-01 | 9.07450L-01 
32.26 ke/m? 1 c Oy 141283602] 2.98581E+02| 4.29637E+02| 5.4869 1B+02) 7.13339E+02} 8. 16344B+02) 9.15051B+02 
0, Py= 910.83 kgln? Q, | 155114201] 3,27812E-01 | 4.71699E-O1 | 6.02408E-01 | 7.83175E-01 | 8.96264E-01 } 1.00463E+00 
ve J, QO000E+00) 1.06000E+00) |.0G000E+001 1,00000E-+00} 1.00000E+00] 1.00000E+00} {.00000E+00: 
Icb | -5 5 5 4 -4 4 4 
T= 293,15 K, Pr= £.01325E+05 Pa, G 1.02805E+00| 7,69481E-01 | 6.84269E-01 | 6.67053E--01 | 6.52787E-01 | 6.46757E-01 | 6.42214E-01 
Pip = 907.60 keto, i = 2. 1220601 Pas, | dy, | 7.31071 E+01) 1.64295K+02! 2.43501 E+02) 3.32324E+02) 4.64596E+02 5.52364E+02] 6.39898E+02| 
&—-1.0, py — 910,83 kg/a® OQ, | 8.03902LE-02} 1,803790-01 | 2,67339L-01 | 3.64858E-01 | 5.10079L-01 | 6.064410-01] 7.025442-01 
1.00000E+00) 1.00000E+00] 1.00000E+05! 1.000008-+08] 1.060008400! 1.00000R+00! 1.00000R:--00) 


4 


5K, OF 1.01325E+05 Pa, 
43 Prcn 


g/m’, 1 = 1.7490B-02 Pa-s, 


me 


+02 


1, = 910.83 kg/m? @, |4.95716B-02) 1.430948-01| 2.35874B-01 328325601] a.66se1-01| 5,586e8b-01| 650641501 
¥ | 1.000000] 1.000006+00] 1.00000E+00} 1.00000E+00} 1.00000E+-00} 1.00000E:-00] 1.000005:-00 
IcD [3 3 3 3 3 2 2 
p= 2.71 K, Fy 101325805 Pa, G; | 6.05944B-01 6.004088-01 | 5.98610B-01 | 5.97616E-01 | 5.96701E-01 | 5.96280B-01 | 5.95947E-01 
gy | 452373401! 1.344776+02] 2.224508+02! 9.1231 1402] 4.45475E402| 5.341938+02| 6.22878 +02 
Q, | 4.528218-02| 1.34607B-01| 2.23672E-01 | 3.1262 1E-01 | 4.45917B-01 | 5.34723B-01 | 6.23495E-01 
Y¥ | 1.00000E+00] 1.00000E+00) 1.00000E+09] 1.00000E+-00] 1.00000R+-00) 1.60000E+-00] 1.00000E+00] 
top | 4 4 4 4 4 
Tr= 372.04 K, Pyz 1.01325E+05 Pa, Cy | 5.99188E-01 | 5.96154B-01 | 5.95135L-01 | 5.94565E-01 | $.94035B-01 | 5.93790E-01 | 5.93596E-01 
4175 ke/m 3 {= 2,8250E-04 Pa-s, Diy 4,357 LI E+O1] L30053R+02| 2.16383E+02} 5.02646B+02| 4.31966H+02| 5.18 146K+02| 6.04306E+02] 
0, py = 999.01 kein’ Q, | 436143E-02) 1.30182E-01 | 2.16598E-01 | 5.02946E-01 | 4.32395E-01 | 5.18660E-OL | 6,04905E-01 
Y” | 100000800] 1.00000E+00) 1.000008+-00] 1.000001++00] 1.00000E+-00| 1.000002:+00] 1.00000E+00| 
tep |2 2 2 2 2 2 2 
T= 255.37 K, Pps 1.01325E+05 Pa, io 5.99192E-O1 | 5.96227#-O1 | 5.95277B-0! | 5.94793R-Ol | 5.94441B-01 | 5,94364E-01 | 5,94403E-O8 
1181 kg/m’, t= 1.3070E-05 Pas, | gj, | 2.05265E+00} 6,020521+00| 9.6¢201E+00] 1.27685E+01 | 1.59624E+01] 1.6805aF+01] 1.6371 1E+01 
k= 13198, py, = L8613! kgm? Q, | 1.202808+00! 4.2345612:00! 5. 1900751 Ne! & 850691;.00) 8.575020+001 9.028760! 8.795465 +00 
Y | 9.978228-01] 9,80394E-0t | 9.45538E-01 | 8.93255E-01 | 7.821531-01 | 6.863002-01 | 5.73019E-O1 
Icp |2 2 2 2 2 2 2 
283.15 K, Pps OBIATOLUS Pa, Ca S.972841-Ul | 5.9495 L101} 5.941 648-0) | 5.93724E-01 | 5.93329E-01 | 5.93149E-01| 5.93081 E-O1 
Pip = 4.9831 kg/m’, 11 1.0670F-05 Pas, | g,, | 3.14762E+00| 9.3827 1E400) 1.55394E+01] 2.15761E+01| 3.03074E+01) 3.58457E+01] 4.11042B401 
42 1.3622, p,=0,70817 kghn’® Q, | 4.44472E400) 1.324928+01| 2.19430B+01| 3.64674E+01| 4.27967E+01 | 5.06173E+01| 5.80429E+01 
F | 9,996007-01} 9.97208E-01 | 9.92244B-01 | 9.84799H-01| 9.68978E-01 | 9.55328E-01] 9.39196E. 01 
iep |2 2 2 2 2 2 2 
Ty= 255.37 K, Fr=6.894760+06 Pa, Ca | 5.973028-01 | $,.949668-01 (5.941748-01 1 5.93729E-O1| 5.933 158-0115.931238 Gt! 5.92071F-01 
042,35 kp/m’, 44 1,5430E-04 Pa-s,| gay | 4.54909E101| 1.359408:--02| 2.26265E+-02| 3.16533E+02| 4.51875E+02| 5.42075E+02| 6.32258H+02, 
0, py= 86131 cgém? 2, 2.44402F401) 7,30347E+01) 1,2 156213402) 1,70059E+02 | 2.42772E+ 02] 2.91233E102] 3.39684E+02| 
¥ | 1,000008+00} 1.00000T+00) 1,000001-+00] 1.00000T4-00] 1.000007+-00| 1.000002+00) 1.000800) 
ICD |2 2 2 2 2 = 2 
7y= 355.37 K, Py 1.37895E+06 Pa, G_| 5.95691E-01 | §.93912E-01 | 5.93306E-01| 5.92967R-01| $,92654E-01 | $.92510E-01 | 5,923081-01 
2.783 kel’, = 1.3520E O5 Pas, | gy | 8.04450E+00| 240308L401| 3.990781E103] 5.5623615101| 7876681401 9.38209E+01| {.08505E+02 
k= 13198, gy, = 186131 ke/m? Q, | 4.32196E100] 1.291070401] 2.144076+01] 2.98841B101| 4.23179E101| 5,04059E+01| 5.829471+01 
¥- | 9,9984012-01 | 9.98559-01 | 9.95998E-01| 9.92156E-01 | 9.83993B-01 | 9.76949E-01 | 9.68626E-01 
icp |2 2 , 2 2 2 2 
Ty= 283.15 K, Py= 9.44738E106 Pa, G_ |5.93525E-01| 5.937940-011 5.93203E-01 | 5.928716-01 | 5.925628-01 | 5.92420E-01 | 5.92308E-01 
Pipe Cee helen = STS OS Binks Way VT ReOROES OE O 1etad nO) OA nneoe ts se enh 77s Ot) e abenae a Beare alt 
k= 13622, py= Q, | 1.02467B401] 3.06358B+01] 5.09580B+01| 7.11949E+0F| 1.013316+02| 1.21235E+02| 1.40953E+02 
¥  |9,99038B.-01 | 9.90442E..01 | 9.984498 01 | 9.96960 01 | 9.937961] 9.9106611-01 | 9.87839E-01 
ID JZ z ef x es z Z 
T7= 328.71 B, Pps 6.89476E706 Pa, G__ | 5.95361E-01 | 5.9367 1E-01/ 5.93093E-01] 5.92768E-01 | 5.92465E-01 | 5.92325E-01 | 5.92214E-01 
Bry = 44,168 kegltn’, e= 1.3650E-05 Pas, | gq, | 9.36339E100] 2.80087E101| 4.660420]! 6516150101] 9,28928E-01| 1.112926 102! 1,29606E102 
3622, py = 0.70817 keim® Q, | 1322198401] 3954380401 | 6.58093L+01 | 9.201396+01] 1.31173E+02| (.57155E+02| 18301 6B4+02| 
| 9.99969E-01 | 9.9972113-01 | 9.992248-01 | 9.9848013-01 | 9.96897E-01 | 9.95532E-0t | 9.9391 8E-O1 
icp |? ”) 2 2 2 2 2 
Ty= 383.15 K, Bye 1.37805H407 Pa, G, | 5.95151F O1| 5.93543 01] 5.929808-01| 5:92668F-01| 5.92376E-O1 5.92 1346-01 
= 520.04 kgm’, po= 4, JI7AOE-05 Pa-s, | gy | 3.211198+0 | 9.607462401 B+02) 3, 2 
, py 186131 kg/m @G, | 1.72523B401 | 5161672401] 8, 12026354 
Y | 1,00000E+00| 1.00000F-+00] 1,00000R+00] 1.00000B+00| 1.00000E+00 
IcD |2 2 2 Pt ps 
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SECTION 3—CONCENTRIC, SQUARE-EDGED ORIFICE METERS, PART 4——-BACKGROUND 139 
Table 4-C-6—Selected Round Robin Test Results Matrix—S! Units 
(Dy = 0.746156 m, of = 0.00007116 mim-K, d,, = 0.559594 m, ay = 0.00001665 m/m-K) 
Cott Ba 
Flow Conditions Value | 559.5 5035.6 139877 21415. 55950.8 80509.1 109663.5 
Ty= 255.37 K, Poles Pa, “| G | 1.55368E4+00] 1,12772E+00| 9,84428E-01 [9.01873E-01| 8.211 13B-G1] 7.81570B-01 | 7.48693E-01 
7 Gm | 4.71346E+02| 1.02637E+03| 1.4932GE+03] 1.91524B+03| 2.49105E+03] 2.845318+03] 3.17989E+03 
@, | 5.17490B-01 | 1.12685E+00) 1.63944E+00] 2.10274E+00| 2.73493B+00] 3.12386+00] 3.49120E+00 
¥ | 1,000008+00) 1.00000E+00] 1.0000GE+00| 1.00000B+00] 1.00000E+00| 1.00000B+00] 1.00000E+00 
Ic |-5 -4 4 4 -4 4 -4 
C, | 8.52642E-01 | 6.73057E-01 | 6.51622E-01 | 6.411408-01| 6.32330E-01} 6.28554B-01 | 6.25684E-O1 
Gog’ ESSSOSE CO? 6. 0500082 02 0 76G85P 100 PO9584021031 3 96106804, 9.62886b 203 
G, | 2.80618E-0f 6.64547E-01 | 1.07230E+00) 1.47707E+00| 2.081 11E+00) 2.482426+-00] 2.88293E-+00l 
¥" | 1,000008-+00) 1.06000E+00] 1.00000E+00| 1.60000E+00] 1.00000B+00] 1.00000E+00] 1.00000E+<o| 
ICD |-4 3 3 3 3 3 3 
353,13 K, Pra 1,01325E405 Pa, CG _ | 6.28736E-01 | 6.12914E-01 | 6.08275E-01 | 6.05315E-01| 6.03609E-01 | 6.02616E-01] 6.01838E-01 
68.43 kes’ pt = 1.7A90E-02 Pas, | gy, | 1.84788E+02| 5.40419E402| 8.93878R-+02) £.24637L+03} 1.774042+-03] 2.12535E+03] 2.47637E+03 
2-10, 6, = 910.83 kg/m" Q, | 2.02879E-01 | 5.93325E-01 | 9,81389E-01 | 1,36839E+00| 1,94772E+00] 2,33342E+00| 2.7188 1E+00| 
¥ | L.00000E+00 1.900006+00 {-0000E+00 £.000008+00] 1.00000B+06] 1.000008+00| 1.00000E+00| 
ico |3 2 2 |2 2 
7H RBI K, Pr= 1.01325E405 Pa, | 6.01355E-01 Tea Ty 5,95204B-01 | 5.945 125-01 | 5.94193E-01] 5.939408-01 
99.01 1.1990E-03Pa-s, | du | +02 +0: SEH 
0, py = 992.08 kgim® 6G, Oi +00) i ioe 
¥ | 1.00000E+00) 1acanae=00 1,C0000E+00| 1,000002+00) 1.00000E+00 
icp |2 2 2 2 2 
Ty= 372,04 K, Pr= 1.01325E+05 Pa, CG | 5.96367E-01 vere 5,93304B-01 | 5.92869B-01| $.92463E-01 | 5.92275E-01] $.92126E-01 
941.75 kefn’, [2=2.8250B-4 Pas, | Gq} 1-82656E+02| 5458726402] 9.08596E+02) 1.271 106+03] 1,81462E+03] 2.17685E+03] 2.539025+03} 
1.0, p, = 999.01 ky: gio 9, [,82837R-O1 | 5.46413P-01 | 9.09496F01 | 1.27236F+001 1.81641F+00! 2.179017+001 2.54153R+00) 
¥ | 1.000008+00| 1.00000800 J-000008400 1,60000E+00| 1,00000E+00] 1.000008..00 Lonoou-09 
icp |2 2 2 2 2 
Ty= 295.37 B, Fy 113258405 Pa, Gj |5,96395E-Gi | 594760801 orl 5 5.92730Ei eT 
1181 kg/m”, = 1,30702-05 Pas, | gq, | 8.60535E-+00} 2.5270E +01 | 4.0570SE+01 | 5.362492+01 67049201] 705928001] 887694501 
13198, ,= 1.86131 kgint? OQ, | 4623288400] 1.35767B+0L| 2.17967B401| 2. 88103R+01 | 3602262401 | 3,79264E+01| 3.69468E+01 
Y — |9.978225-01] 9.80395E-01 | 9.45543E-01 | 8.93264i2-01} 7.8217 LE-Ol | 6.86327E-01| 5.73056E-OL 
Icp {2 2 2 2 2 2 2 
Ty= 283.15 K, Pra 6.R9476E405 Pa, G_15.949541-011 5.93 1820-01 | 5.9258 115-01 | 5.92246R-01| 5.9192012-01| 5.918021-011 5.916950-01 
op = 4.0831 kgfin’, 11= 1.0670B-05 Pa-s, | g,, | 1.32060B+01) 3.940238408 | 6.5277 1401 | 9.0651 1B+01 | 1.2735SE+02| 1506395402} |.72747E+02 
= 13622, py = 0.70817 kgf GQ, | 1. 864808+01 | 5.56395E+01 | 9,21772B401| 1.28008E+02| 1,79897E+02] 2.127151:+02} 2439341402! 
FY — |9,996908 o1| 9,97208B.01 | 9.922458 01} 9.848008 01/ 9.68980E 01 9.55332E 01] 9.392028 OL 
icp [2 2 2 2 2 2 2 
= 6.89476R406 Pa, GQ §.94974R_O1 | §.99900R_01 | 5.99594R_11 | 5 99253R_01) 5.91935R_01| $.91787F_O1 | 5.91670F11 
= ihe Lags0K-0¢ Fa-s! diy 1,90859H+02) 5.70876H+02| 9.50485K+02) 1.3299 LE+-03] 1.89886K403] 2.2780GK4+03] 2.6572 1E+03 
b2L0, py= (.8613t kg/m Q, | 1,02540B402| 3.06707E-+02| 5.10654E+02| 7.14504E+02| 1.02017E+03] 1223901403] 1.42760E+03 
¥ | 1,00000E+00] 1.00000E+00| 1.00000E+00] 1.00000E+00] 1.00000E+00| 1.00000E+00! 1.00000E+00 
icp |2 2 2 2 2 2 2 
Ty= 153.37 K, Pra 1.37895E-06 Pa, G, | 5.93753E-O1| 5.92393E-01 | 5.91928E-01 | 5.91667E-01| 39142601 | 5.91315E_01 | 5.91229E-O1 
Day = 32.783 Eel, t= | .35205-05 Pas, | gq | 3.377295401} 1.00958E-+02} 1.67700E402| 2237726402] 3.31077H+02] 394373402) 4.561 17E+02 
£2 13198, p, = 1.86131 kg/m? Q, | 1.814478+01| 5.4240SE+01| 9.00979E101| 1.25595E+02| 1.77873E102| 2.11880B+02| 2.45052E102| 
9,99840E~01 | 9.98559B-Ot | 9.95098E-DI | 9.921 57801 | 9.839048-01 | 9.76951F-01 | 9.68628E-01 
T= 283.15 K, Pyz 3.44 738E+06 Pa, “Te, [5.936208-01|5.922978-01 | 5.91843E-01| 5.91588E-01 | 5.913506-01 | 5.91240B-01 | 5.91153E-01 
Pyy= 26.627 kgfm?, jt = 1IB10E-05 Pas, |g, | 3.04659E+401| 9.11497E401 | 1.51649E402| 2. 119006+02| 3.01632H+02| 3.60897E+00| 4. 19614B +02} 
k= 1.3622, p= 070817 kgim’ Q, | 4.30207E+01| [.28712B+02| 2.1414 16402} 2.99222E+02| 4,25932E+02| 5.09619E+02] 5.92534E+02 
¥ | 9,99938B-01| 9.994421-O1 | 9,98449%-01 | 9.96960E-01| 9,93796-01 9.9L066E-01 | 9.87840B-01 
icp |2 2 2 2 2 2 2 
Ty= 338.71 K, Pr=6.894755+06 Pa, Cy [5.93483E-01] 5.9219 1E-OL] 5.91747E-01 | 5.91497E-01| 5.91263B-01 | 5.9L155E-O1] 5.91070B-0L 
44.168 kg/m’, p= 36 Gm | 3-93139B+01| 1.17657E+02) 1,95850E+02] 2.73870E+02| 3.90468Er02| 4.67835E102] 5.44844E02 
= 0.70817 ot US sstageeail 1se142Re0a| 27655¢Ee021 3-86729R+00| 551376402 | 6 60625400 7 oN368Re02 
3622, fy =0.70817 kel Q, |S.SSIMBE+OL) 1661422102) 2,76558E+02) 3,867290+02) 5,513 76602) 6.60625E+102) 769368502 
¥ | 9.99969E-01| 9.99721B-O1 | 9.99224E-01 | 9.98480E-01 | 9.96897E-01 | 9.95532E-01} 9.93919-01 
IcD |2 2 2 2 2 2 2 
Ty 333.15 K, Pps 137895407 Pa, G, _ |5.933255-O1] 5.92087E-O1 | 5.9166 15-01 | 5.914208-01 | 5.91196E-01| 5.91092E-01 | 5 91609E-01 
20.04 ke/in?, t= 4.1710E-O5 Pas, | gy | 1.34839E+02| 4.03677B+02| 6.72309E+02] 9.40851E+02| 1.34356B+03] 1.61 199E+03] 1.88039E+03| 
0, py ~ 1.86131 kg/m? Q, | 7.24431H401) 2.16878E402| 3.61202B402| 5.05478E+02| 7.21837E+02| 8.6605 1B+02| 1.01025E+03| 
¥ | 1,00¢008+C9| 1.00000 +00] 1.00000E+00] 1.000008+00} 1.cov00E+00] 1.c0000K+0u] 1. qB0U0E+ U0 
Icp |2 2 [2 2 2 2 2 
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